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Description
FIELD OF THE INVENTION

[0001] The invention relates to mounting an antenna
wire (or antenna coil) on a substrate, and connecting end
portions of the antenna wire to terminals of a transponder
chip (or chip unit) which is also mounted to the substrate
(or to an underlying substrate).

[0002] Theinventionrelates totechniques forintercon-
nection of lead wires to an integrated circuit (IC), such
as in the context of an inlay having a wire which is an
antenna wire mounted such as by embedding the wire
to the surface of a substrate, followed by bonding end
portions of the antenna wire to terminals (bond pads) of
the IC (such as transponder chip or chip module) dis-
posed on the substrate or in a recess in the substrate.

BACKGROUND OF THE INVENTION

[0003] A conventional method to produce an inlay site
containing a high frequency RFID chip and an antenna
embedded into a multi-layer substrate and connected to
the terminals (terminal areas) of the RFID chip is to first
position the RFID chip in a recess, supported by a lower
substrate layer, then start embedding (countersinking) a
wire conductor onto or into the top substrate layer in the
direction of the RFID chip, then guiding the wire conduc-
tor over a first terminal area of the RFID chip, then con-
tinue the embedding process by forming an antenna in
the top substrate layer with a given number of turns, then
guiding the wire conductor over the second terminal area,
and finally embedding the wire conductor again into the
top substrate layer before cutting the wire to complete
the high frequency transponder site. In a next stage of
the production process, the wire ends passing over the
terminal areas are interconnected by means of thermal
compression bonding. Adhesively placing a wire conduc-
tor onto the top substrate layer is an alternative to em-
bedding, and typically involves self -bonding coated wire
conductor.

[0004] A wire embedding apparatus may be an ultra-
sonic wire guide tool, known as a "sonotrode", with a wire
feed channel (capillary) passing through the centre of the
wire guide tool. The wire conductor is fed through the
wire guide tool, emerges from the tip, and by application
of pressure and ultrasonic energy the wire conductor is
"rubbed" into the substrate, resulting in localised heating
of the wire conductor and subsequent sinking of the wire
conductor into the substrate material during the move-
ment of the wire guide tool. A wire placement apparatus
may also be an ultrasonic tool similar in function to an
ultrasonic horn which heats the wire to form an adhesion
with a substrate.

[0005] The German patent application DE 196 46 717
A1 which is regarded as the closest prior art, discloses
a method of connecting an antenna wire to a transponder
chip. The method comprises mounting the antenna wire
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to a surface of a substrate and leaving end portions of
the antenna wire un-mounted as free-standing loops
which are spaced far enough apart for a transponder chip
to be positioned there between. WO 00/21030 A1 dis-
closes an RFID transponder having improved RF char-
acteristics. A RFID chip is packaged and oriented with
respect to the antenna circuit within a plastic moulded
package. DE 10 2004 045 896 A1 discloses a transpond-
er with antenna and flip-chip module. The antenna wire
is not directly attached to the terminals of the flip-chip
module but to a separate contact surface called connect-
ing bridge. The terminals of the flip-chip module are at-
tached thereto as well.

[0006] US Patent 6,698,089 ("089 patent") discloses
device for bonding a wire conductor. Device for the con-
tacting of a wire conductor in the course of the manufac-
ture of a transponder unit arranged on a substrate and
comprising a wire coil and a chip unit, wherein in a first
phase the wire conductor is guided away via the terminal
area or a region accepting the terminal area and is fixed
on the substrate relative to the terminal area or the region
assigned to the terminal area by a wire guide and a portal,
and in a second phase the connection of the wire con-
ductor to the terminal area is effected by means of a
connecting instrument. FIGs. 1 and 2 of the 089 patent
show a wire conductor 20 being embedded in a surface
of a substrate 21, by the action of ultrasound. FIG. 3 of
the 089 patent shows a wiring device 22 with an ultrasonic
generator 34, suitable for embedding the wire. It is be-
lieved that the wiring device in the 089 patent can also
be used for adhesively placing a wire.

[0007] US Patent 5,281,855 discloses a method and
apparatus for facilitating interconnection of lead wires to
an integrated circuit including the provision of an addi-
tional protective layer of insulation to the top of an inte-
grated circuit chip or die and the provision of enlarged
plated electrodes to the surface of the additional insula-
tion to form enhanced bonding pads, such pads being
electrically connected through the protective layers to the
normal bonding pads of the integrated circuit device. The
enhanced bonding pads are made of a soft conductive
metal such that external wires to be attached thereto can
be bonded to the pads using a thermal compression
bonding technique.

[0008] US PatentNo. 6,088,230 discloses a procedure
for producing a transponder unit (55) provided with at
least one chip (16) and one coil (18), and in particular a
chip card/chip-mounting board (17) wherein the chip and
the coil are mounted on one common substrate (15) and
the coil is formed by installing a coil wire (21) and con-
necting the coil-wire ends (19, 23) to the contact surfaces
(20, 24) of the chip on the substrate.

[0009] Canada Patent Application CA 2555034 dis-
closes a method for the production of a book-type security
document with at least one security cambric (15) and at
least one transponder unit (21), characterized in that: at
least one laminated layer (22, 23) is applied at least on
one side of the at least one security cambric (4 5) and



3 EP 2 070 017 B2 4

on at least one side of the at least one transponder unit
(21); the at least one security cambric (15) and the at
least one transponder unit (21) are fully encompassed
by the laminated layers (22, 23) and that a circumferen-
tial, closed edge (24) is provided by the laminated layers
(22,231, and thatalaminated layer sheath (25) is formed.
[0010] US Patent 7,229,022 discloses method for pro-
ducing a contactless chip card and chip card. A method
for producing a transponder, especially a contactless
chip card (1) comprises at least one electronic compo-
nent (chip module 2) and at least one antenna (3); the at
least one electronic chip component (2) being disposed
on a non-conducting substrate that serves as a support
for the component. The at least one antenna is also dis-
posed on a non-conducting substrate, the at least one
electronic component (2) being applied to afirst substrate
and the antenna (3) on a second substrate. The entire
circuit (1) is then produced by joining the individual sub-
strates so that they are correctly positioned relative to
each other. The components (2, 3) are contacted once
the different substrates have been joined by means of
auxiliary materials such as solder or glue, or without aux-
iliary materials by microwelding. The non-conducting
substrates form a base card body.

[0011] PCT/US99/28795 (WO 00/36891) discloses
methods for wire-scribing filament circuit patterns with
planar and non-planar portions. An apparatus and meth-
od of forming filament circuit patterns with planar and
non-planar portions and interconnection cards, smart
cards or optical fiber circuit cards formed therefrom are
provided. A filament circuit path is scribed by moving a
filament guide and a substrate relative to one another,
anddispensing afilamenton, orin the vicinity of, a surface
of the substrate. The filament or the substrate or both
have adhesive surface(s). The adhesive surface is ca-
pable of being adhesively actuated by application of en-
ergy. Energy is applied simultaneous with, or subsequent
to, scribing. A portion of the filament circuit pattern is
planar and another portion is non-planar. The non-planar
portion traverses but does not contact or adhere to a pre-
selected area of the substrate. The pre-selected area
corresponds with a pad, a contact pattern, a hole, a slot,
a raised feature, a part of the previously scribed planar
portion of the pattern, and a filament termination point.
Alternately, the non-planar portion may be embedded
below the surface of the substrate. Another planar portion
of the filament circuit traverses the non-planar portion
but does not contact or adhere to a pre-selected part of
the previously scribed non-planar portion. According to
the above method wire-scribed circuit boards are formed
including interconnection cards, smart cards or optical
fiber circuit cards.

An Inlay and Transponder of the Prior Art

[0012] FIGs. 1A and 1B illustrate an inlay substrate (or
sheet) 100 having a plurality of transponder areas. A se-
lected one of the transponder areas 102 constituting a
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single transponder is shown in detail. The vertical and
horizontal dashed lines (in FIG. 1A) are intended to indi-
cate that there may be additional transponder areas (and
corresponding additional transponders) disposed to the
left and right of, as well as above and below, the trans-
ponder area 102, on the inlay sheet 100. Such a plurality
of transponders may be arranged in an array on the (larg-
er) inlay sheet. As best viewed in FIG. 1B, the inlay sheet
100 may be a multi-layer substrate 104 comprising one
or more upper (top) layers 104a and one or more lower
(bottom) layers 104b.

[0013] A recess 106 may be formed in (through) the
upper layer 104a, at a "transponder chip site", so that a
transponder chip 108 may be disposed in the recess, and
supported by the lower layer 104b. The transponder chip
108 is shown having two terminals 108a and 108b on a
top surface thereof. The transponder chip 108 may be a
chip module, or an RFID chip.

[0014] Generally, the recess 106 is sized and shaped
to accurately position the transponder chip 108, having
side dimensions only slightly larger than the transponder
chip 108 to allow the transponder chip 108 to be located
within the recess. For example,

1. the transponder chip 108 may measure: 5.0 x 8.0
mm

2. the recess 106 may measure: 5.1 x 8.1 mm

3. theterminals 108a/b may measure: 5.0 x 1.45 mm
4. the wire (discussed below) may have a diameter
between 60 and 112 pm

[0015] One milimeter (mm) equals one thousand
(1000) micrometers (wm, "micron").

[0016] In FIGs. 1A and 1B, the recess 106 may be
illustrated with an exaggerated gap between its inside
edges and the outside edges of the chip 108, for illustra-
tive clarity. In reality, the gap may be only approximately
50pm - 100 wm (0.05mm - 0.1 mm).

[0017] In FIG. 1A the terminals 108a and 108b are
shown reduced in size (narrower in width), for illustrative
clarity. (From the dimensions given above, it is apparent
that the terminals 108a and 108b can extend substan-
tially the full width of the transponder chip 108.)

[0018] It should be understood that the transponder
chip 108 is generally snugly received within the recess
106, with dimensions suitable that the chip 108 does not
move around after being located within the recess 106,
in anticipation of the wire ends 110a, 110b being bonded
to the terminals 108a, 108b. As noted from the exemplary
dimensions set forth above, only very minor movement
of the chip 108, such as a small fraction of a millimeter
(such as 50pum - 100 wm) can be tolerated.

[0019] AsbestviewedinFIG. 1A, an antenna wire 110
is disposed on a top surface (side) of the substrate, and
may be formed into a flat (generally planar) coil, having
two end portions 110a and 110b.

[0020] As best viewed in FIG. 1B, the antenna wire is
"mounted" to the substrate, which includes "embedding"
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(countersinking) the antenna wire into the surface of the
substrate, or "adhesively placing" (adhesively sticking)
the antenna wire on the surface of the substrate. In either
case (embedding or adhesively placing), the wire typi-
cally feeds out of a capillary 116 of an ultrasonic wire
guide tool (not shown). The capillary 116 is typically dis-
posed perpendicular to the surface of the substrate 100.
The capillary 116 is omitted from the view in FIG. 1A, for
illustrative clarity.

[0021] The antenna wire 110 may be considered
"heavy" wire (such as 60 pm - 112 pum ), which requires
higher bonding loads than those used for "fine" wire (such
as 30 wm). Rectangular section copper ribbon (such as
60 x 30 um) can be used in place of round wire.

[0022] The capillary 116 may be vibrated by an ultra-
sonic vibration mechanism (not shown), so that it vibrates
in the vertical or longitudinal (z) direction, such as for
embedding the wire in the surface of the substrate, orin
a horizontal or transverse (y) direction, such as for ad-
hesively placing the wire on the surface of the substrate.
In FIG. 1B, the wire 110 is shown slightly spaced (in draw-
ing terminology, "exploded" away) from the substrate,
rather than having been embedded (countersunk) in or
adhesively placed (stuck to) on the surface of the sub-
strate.

[0023] The antenna wire 110 may be mounted in the
form of a flat coil, having two ends portions 110a and
110b. The ends portions 110a and 110b of the antenna
coil wire 110 are shown extending over (FIG. 1A) and
may subsequently be connected, such as by thermal-
compression bonding (not shown), to the terminals 108a
and 108b of the transponder chip 108, respectively.
[0024] Examples of embedding a wire in a substrate,
in the form of a flat coil, and a tool for performing the
embedding (and a discussion of bonding), may be found
in the aforementioned US Patent No. 6,698,089 (refer,
for example, to FIGs. 1, 2, 4, 5, 12 and 13 of the patent).
It is known that a coated, self-bonding wire will stick to a
synthetic (e.g., plastic) substrate because when vibrated
sufficiently to soften (make sticky) the coating and the
substrate.

[0025] InFIG.1B,thewire 110is shown slightly spaced
(in drawing terminology, "exploded" away) from the ter-
minals 108a/b of the transponder chip 108, rather than
having been bonded thereto, for illustrative clarity. In
practice, this is generally the situation - namely, the end
portions of the wires span (or bridge), the recess slightly
above the terminals to which they will be bonded, in a
subsequent step. Also illustrated in FIG. 1B is a "generic"
bond head, poised to move down (see arrow) onto the
wire 110b to bond it to the terminal 108b. The bond head
118 is omitted from the view in FIG. 1A, for illustrative
clarity.

[0026] The interconnection process can be inner lead
bonding (diamond tool), thermal compression bonding
(thermode), ultrasonic bonding, laser bonding, soldering,
ColdHeat soldering (Athalite) or conductive gluing.
[0027] As bestviewed in FIG. 1A, in case the antenna
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wire 110 needs to cross over itself, such as is illustrated
in the dashed-line circled area "c" of the antenna coil, it
is evident that the wire should typically be an insulated
wire, generally comprising a metallic core and an insu-
lation (typically a polymer) coating. Generally, it is the
polymer coating that facilitates the wire to be "adhesively
placed" on (stuck to) a plastic substrate layer. (It is not
always the case that the wire needs to cross over itself.
See, for example, FIG. 4 of US Patent No. 6,698,089).
[0028] In order to feed the wire conductor back and
forth through the ultrasonic wire guide tool, a wire ten-
sion/push mechanism (not shown) can be used or by
application of compressed air it is possible to regulate
the forward and backward movement of the wire conduc-
tor by switching the air flow on and off which produces a
condition similar to the Venturi effect.

[0029] By way of example, the wire conductor can be
self-bonding copper wire or partially coated self bonding
copper wire, enamel copper wire or partially coated
enamel wire, silver coated copper wire, un-insulated wire,
aluminum wire, doped copper wire or litz wire.

[0030] FIG. 1A herein resembles FIG. 5 of US Patent
No. 6,698,089 (the ‘089 patent), which has a similar coil
antenna (50) with an initial coil region (51) and a final coil
region (52) comparable to the antenna 110 with two end
portions 110a and 110b described herein. In the 089
patent, the coil (50) is arranged on a substrate 55 which
comprises a substrate recess (56, compare 106 herein)
in the interior region (53) of the coil (50).

[0031] InFIG. 5 of the '089 patent, it can be seen that
the initial and final coil regions (end portions) of the wires
extend across the recess. In FIG. 6 of the '089 patent, it
can be seen that the recess extends completely through
the substrate. If the antenna is mounted to the substrate
prior to the chip being installed in the recess (and the
antenna is mounted to the front/top surface/side of the
substrate, as shown), due to the fact that the antenna
wires are "blocking" entry to the recess from the top/front
surface of the substrate, the chip must be installed into
the recess from the back (bottom) side of the substrate,
as indicated by FIG. 6 of the ‘089 patent.

[0032] FIG. 7 of the ‘089 patent shows the subsequent
(inter)connection of the terminal areas 59 of the chip unit
58 to the initial coil region 51 and to the final coil region
52 by means of a thermode 60 which under the influence
of pressure and temperature creates a connection by ma-
terial closure between the wire conductor 20 and the ter-
minal areas 59, as an overall result of which a card mod-
ule 64 is formed.

[0033] FIG. 1C shows the chip 108, having two termi-
nals 108a and 108b is disposed in the recess 106 in a
substrate (generally designated 104). The chip 108 may
be rectangular, having a height dimension "h1" and a
width dimension "w1". The chip 108 may measure 5.0mm
by 8.0mm. The terminals 108a and 108b may be approx-
imately 1.5mm wide, and may be generally located just
within the left and right (as viewed) side edges of the chip
108. The recess 106 may also be rectangular (having
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the same shape as the chip), and may be only slightly
larger than the chip, such as 0.1mm greater than the chip
in both height and width. The recess 106 may measure
5.1mm x 8.1mm. Generally, the recess 106 is large
enough to receive the chip 108, and securely locate it,
so that the chip 108 does not shift position after being
disposed in the recess 106.

[0034] Endportions 110aand 110b of the antenna wire
110 pass directly over respective terminals 108a and
108b on the chip 108, and are subsequently bonded
thereto, as discussed above. The wire 110 may have a
diameter of approximately 0.1m The end portions 110a
and 110b of the antenna wire 110 are spaced a distance
"s1" apart from one another. The distance s1 is less than
the chip width dimension w1, to ensure that the end por-
tions 110a and 110b of the antenna wire 110 are posi-
tioned over the respective terminals 108a and 108b of
the transponder chip 108.

[0035] The dashed lines extending from the top (as
viewed) of the end portion 110a and the bottom (as
viewed) of the end portion 110b indicate that the wire 110
continues, forming the antenna coil (see, for example,
FIG. 1A). The round dots at the bottom (as viewed) of
the end portion 110a and the top (as viewed) of the end
portion 110b indicate that the wire ends (stops, does not
continue).

[0036] A similar situation, wherein the end portions of
the antenna wire spanning (or "bridging") the recess, di-
rectly above the chip terminals, is shown in FIGs. 4 and
5 of US Patent 6,698,089 ("089 patent").

[0037] A problem with the technique of mounting the
end portions of the antenna wire so that they bridge (span
across) the recess for the chip is that if the chip is installed
(in the recess) from the front (antenna) side of the sub-
strate it must be installed before the antenna is mounted
(consequently, the antenna must be mounted with the
chip in place). Else, if it is desired to install the chip after
the antenna is mounted, the recess must extend all the
way through the substrate (as a "window") and the chip
must be installed from the opposite side of the substrate.
[0038] Itisfurther discussed in the 089 patent that that
a single ultrasonic instrument can be used both for fixa-
tion of the wire (mounting the wire on the substrate), and
for connection of (bonding) the wire to the terminals of
the chip. (column 15, lines 33-36)

[0039] The process described above with reference to
FIGS. 14 and 15 of the 089 patent also offers the possi-
bility, by appropriate choice of the points of fixation of the
wire conductor on the substrate, of guiding the wire con-
ductor away diagonally via the terminal areas, in order
to increase the overlap between the wire conductor and
the terminal areas. Also, several chips or other elements
arranged in series on, orin, a substrate can be connected
by means of the wire conductor in the manner represent-
ed in FIG. 14. (column 14, lines 39-47)

[0040] FIGs. 16 and 17 of the 089 patent show that a
chip (132) may be introduced into the recess (114), after
fixation of the wire conductor (113) on the surface of the
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substrate. As is evident, in order to accomplish this, the
recess (114) extends fully through the substrate, and the
chip is introduced from the opposite side of the substrate.
Ends of the wire pass over the recess, generally in align-
ment with positions corresponding to terminals on the
chip. After the chip is installed (FIG. 16), a connecting
instrument enables a connection of the wire conductor
to the corresponding terminal area. Also, as discussed
in the 089 patent, in order to enable a positioning of the
chip that is suitable for contacting of the wire conductor,
the chip (132) is equipped on its contact side with a
bridge-tape alignment aids (135), arranged adjacent to
a terminal area, which provide for correct relative posi-
tioning via guide bevels (136).

BRIEF DESCRIPTION (SUMMARY) OF THE INVEN-
TION

[0041] It is a general object of an embodiment of the
invention to provide improved techniques for fabricating
inlays with transponders and, more particularly, to pre-
paring end portions of an antenna wire mounted to the
substrate for connection to terminals of the transponder
including, but not limited to, (i) permitting a transponder
chip to be positioned in a recess in a front side of a sub-
strate after the antenna wire is mounted to the front sur-
face of the substrate, and (ii) improving the quality of the
interconnection and the long term reliability of the bonds.
[0042] These objects are achieved by a method ac-
cording to claim 1. An embodiment comprises the steps
of (i) mounting the antenna wire to the substrate so that
end portions of the wire are spaced far enough apart so
that a transponder chip may subsequently be positioned
therebetween (installed onto or into the substrate, past
the spaced-apart end portions of the antenna wire), then:

- moving the chip or the substrate so that the chip’s
terminals are under the wires, then bonding them
thereto

and (ii) removing insulation from the end portions of the
wire, such as with a laser, prior to bonding (and typically
prior to installing the transponder chip), which may be
facilitated by providing slots under the end portion of the
wire.

[0043] According to an embodiment of the invention,
a method of connecting an antenna wire (310, 410, 510,
610, 710) to a transponder chip (308, 408, 508, 608, 708)
comprises mounting the antenna wire to a surface of a
substrate (304, 404, 504, 604, 704), and : leaving end
portions (310a/b, 410a/b, 510a/b, 610a/b, 710a/b) of the
antenna wire un-mounted as pre-positioned bridges or
loops which are spaced far enough apart for a transpond-
er chip (308, 408, 508, 608, 708) to be positioned ther-
ebetween. The end portions may comprise wire bridges,
jump loops, or flat loops. The transponder chip is posi-
tioned between the bridges or loops. The transponder
chip and/or the substrate is moved so that the transpond-
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er chip’s terminals are under the end portions of the wire
for bonding. Insulation may be removed from the end
portions of the wire prior to bonding. Slots may be pro-
vided in the substrate, under a portion of the bridges or
loops whereat the insulation is removed.

[0044] Other objects, features and advantages of the
invention will become apparent in light of the following
description thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] Reference will be made in detail to embodi-
ments of the disclosure, examples of which may be illus-
trated in the accompanying drawing figures (FIGs). The
figures are intended to be illustrative, not limiting. Al-
though the invention is generally described in the context
of these embodiments, it should be understood that it is
not intended to limit the invention to these particular em-
bodiments.

[0046] Certainelementsin selected ones of the figures
may be illustrated not-to-scale, for illustrative clarity. The
cross-sectional views, if any, presented herein may be
in the form of "slices", or "near-sighted" cross-sectional
views, omitting certain background lines which would oth-
erwise be visible in a true cross-sectional view, for illus-
trative clarity. In some cases, hidden lines may be drawn
as dashed lines (this is conventional), but in other cases
they may be drawn as solid lines.

[0047] If shading or cross-hatching is used, it is intend-
edtobe of usein distinguishing one element from another
(such as a cross-hatched element from a neighboring
un-shaded element). It should be understood that it is
not intended to limit the disclosure due to shading or
cross-hatching in the drawing figures.

[0048] Elements of the figures may (or may not) be
numbered as follows. The most significant digits (hun-
dreds) of the reference number correspond to the figure
number. For example, elements of Figure 1 are typically
numbered in the range of 100-199, and elements of FIG.
2 are typically numbered in the range of 200-299. Similar
elements throughout the figures may be referred to by
similar reference numerals. For example, the element
199 in FIG. 1 may be similar (and possibly identical) to
the element 299 in FIG. 2. Throughout the figures, each
of a plurality of elements 199 may be referred to individ-
ually as 199a, 199b, 199¢, etc. Such relationships, if any,
between similar elements in the same or different figures
will become apparent throughout the specification, in-
cluding, if applicable, in the claims and abstract.

FIG. 1A s a top view of a transponder site, according
to the prior art.

FIG. 1B is a side, cross-sectional view, partially ex-
ploded, of a wire being mounted to the substrate of
FIG. 1A (and bonded to the terminals of the chip),
according to the prior art.
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FIG. 1C is a top view of a portion of a transponder
site, showing transponder chip mounted in arecess,
and end portions of an antenna wire bonded to re-
spective terminals of the transponder chip, accord-
ing to the prior art.

FIG. 2A is a top view of a portion of a transponder
site, showing a recess and an antenna wire having
end portions spanning (bridging) the recess, accord-
ing to an illustrative example.

FIG. 2B is a top view of a portion of a transponder
site of FIG. 2A, showing a transponder chip mounted
in the recess, and the end portions of the antenna
wire repositioned for bonding to respective terminals
of the transponder chip.

FIG. 2C is a perspective top view of a transponder
site, showing a recess and an antenna wire having
end portions looped adjacent a recess for a trans-
ponder chip, according to an illustrative example.

FIGs.3A-3E are top views of arecessin asubstrate,
and a method of connecting an antenna mounted on
the substrate to a chip disposed in the recess, ac-
cording to an embodiment of the invention.

FIGs. 4A - 4E are cross-sectional views of a recess
in a substrate, and a method of connecting an an-
tenna mounted on the substrate to a chip disposed
in the recess, according to an embodiment of the
invention.

FIG. 5A is a top view of a portion of a transponder
site, showing a transponder chip installed in a re-
cess, and end portions of an antenna wire bridging
the recess, according to an embodiment of the in-
vention.

FIG. 5B is a top view of a portion of a transponder
site of FIG. 5A, showing the transponder chip repo-
sitioned in the recess, so that the end portions of the
antenna wire may be bonded to respective terminals
of the transponder chip.

FIG. 5C is a cross-sectional view of the portion of
the transponder site shown in FIG. 5A, taken on a
line 5C-5C through FIG. 5A.

FIG. 5D is a cross-sectional view, partially exploded,
of the portion of the transponder site shown in FIG.
5B, taken on a line 5D-5D through FIG. 5B.

FIG. 6A is a top view of a portion of a transponder
site, showing a transponder chip installed in a re-
cess, and end portions of an antenna wire bridging
the recess, according to an illustrative example.
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FIG. 6B is a top view of a portion of a transponder
site of FIG. 6A, showing the end portions of the an-
tenna having been repositioned, so that the end por-
tions of the antenna wire may be bonded to respec-
tive terminals of the transponder chip.

FIG. 6C is a cross-sectional view, partially exploded,
of the portion of the transponder site shown in FIG.
6A, taken on a line 6C-6C through FIG. 6A.

FIG. 6D is a cross-sectional view of the portion of
the transponder site shown in FIG. 6B, taken on a
line 6D-6D through FIG. 6B.

FIG. 7A is a top view of a portion of a transponder
inlay (or transponder site of a transponder inlay)
showing wires passing over a recess (as flat loops)
and transponder chip inserted between the spaced-
apart flat loops, according to an embodiment of the
invention.

FIG. 7B is a top view of a portion of a transponder
site of FIG. 7A, showing the transponder chip having
been rotated, so that the flat loop end portions of the
antenna wire are over terminals of the transponder
chip, and may be bonded to respective terminals of
the transponder chip. The transponder chip may be
dropped (lowered) into the recess prior to bonding
the end portions of the wire to the terminals of the
transponder chip.

FIG. 7C is a schematic illustration of forming flat
loops at end portions of an antenna wire which is
mounted to (embedded in or place on) a substrate,
illustrating an embodiment of the invention.

FIG. 7D is a cross-sectional view of the transponder
site shown in FIG. 7A, taken on a line 7A-7A through
FIG. 7A, showing the transponder chip initially hav-
ing been positioned between the flat loops, prior to
being rotated, and prior to being installed in the re-
cess.

FIG. 7E is a cross-sectional view of the transponder
site shown in FIG. 7B, taken on the line 7E-7E
through FIG. 7B, showing the transponder chip hav-
ing been rotated so that its terminals are disposed
under the flat loops, and prior to being installed in
the recess.

FIG. 7F is a cross-sectional view of the transponder
site shown in FIG. 7B, taken on a line 7E-7E through
FIG. 7B, showing the transponder chip having been
rotated so that its terminals are disposed under the
flat loops, with the transponder chip installed in the
recess.

FIG. 7G is a cross-sectional view of the transponder
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site shown in FIG. 7B, taken on a line 7E-7E through
FIG. 7B, showing the transponder chip having been
rotated so that its terminals are disposed under the
flat loops, with the transponder chip installed in the
recess, and the flat loops being bonded to the termi-
nals of the transponder chip.

FIG. 8A is a perspective view of a technique for re-
moving insulation from wire bridges.

FIG. 8B is a cross-sectional view of an inlay with a
chip with wire bridges passing over slots adjacent a
recess for a transponder chip and being manipulated
(repositioned) over terminals of a transponder chip.

FIG. 8C is a cross-sectional view of an inlay with a
chip and jump loops disposed adjacent a recess for
a transponder chip and being manipulated (reposi-
tioned) over a terminal of a transponder chip.

FIG. 8D is a cross-sectional view of an inlay with a
chip with wire bridges passing over slots and being
flattened.

FIG. 9 is a diagram showing a manufacturing flow,
according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0049] Various "embodiments" of the invention will be
discussed. An embodiment is an example or implemen-
tation of one or more aspects of the invention(s). Although
various features of the invention may be described in the
context of a single embodiment, the features may also
be provided separately or in any suitable combination
with one another.

[0050] It should be understood that the phraseology
and terminology employed herein is not to be construed
as limiting, and is for descriptive purposes only.

[0051] As used herein, an "inlay" is a generally planar
substrate (or sheet), which may include several (a plu-
rality of) distinct "transponder areas", arranged for exam-
ple in a 3x6 array on the inlay sheet. The inlay sheet may
have one or more (multiple) layers. A "transponder" may
be fabricated in each "transponder area". Each "trans-
ponder" may include an antenna which is mounted to a
surface (such as a top layer) of the substrate, and a
"transponder chip" which is installed at a "transponder
chip site" (or "site for the transponder chip") on the sub-
strate. The antenna is typically in the form of a flat coil
having two ends which are connected to bond pads (ter-
minals) on the "transponder chip". The "transponder
chip" may be an individual integrated circuit (IC) chip, or
a chip module (such as a chip mounted to a small sub-
strate or a carrier). The "transponder chip site" of the
"transponder" ("transponder area" of the "inlay sheet")
may comprise a recess (or window, or opening) extend-
ing through the top and one or more underlying layers of
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the substrate, such that the "transponder chip" can be
installed in the recess, submerged below the surface of
the "inlay sheet" and supported by an underlying layer
of the substrate. A window may extend completely
through the inlay sheet so that a transponder chip or chip
module may be installed from an opposite (from the an-
tenna) side of the inlay sheet. The following terminology
may be used herein to describe embodiments of the in-
vention.

[0052] When the term "inlay" is used herein, it may be
taken to include any generally planar substrate, typically
credit-card sized, made of a synthetic material or a coated
non-synthetic material, such as paper. An inlay has an
array of transponder sites, the format can be 3 x 6 for a
card manufacturer. An inlay will typically comprise a (pla-
nar) substrate, a transponder (or RFID) chip, and an an-
tenna (typically a flat coil of wire, having two ends).
[0053] When the term "substrate" is used herein, it
should be taken to include non-conductive material, syn-
thetic material, paper but also material coated with ferrite
to create a Faraday cage or material used on stealth air-
craft (to absorb or reflect electromagnetic waves). The
substrate may be a multi-layer substrate (such as shown
in FIG. 1B).

[0054] A suitable material for any of the substrates dis-
cussed herein is TESLIN, TYVEK, PC, PVC, PE, PET,
PETE, Paper, C-FLEX, Paper or Cotton/Noil etc. in sheet
format or endless roll (web) can be coated with adhesive
film to protect the first chip and to support the process
for manufacturing the inlay at the secure printing office.
The substrate can also have special markings such as
luminous threads, water marks, microscopic filings and
optical polymer memory for additional security. A typical
thickness for the substrate for passport inlays can be
between 360 and 750 microns.

PVC shortfor polyvinyl chloride, (IUPAC Polychlo-
roethene). PVC is a widely used thermoplas-
tic polymer. It can be made softer and more
flexible by the addition of plasticizers, the
most widely used being phthalates.

PET short for Polyethylene terephthalate (also
know as PET, PETE or the obsolete PETP
or PET-P). PET is a thermoplastic polymer
resin of the polyester family that produced
by the chemical industry and is used in syn-
thetic fibres; beverage, food and other liquid
containers; thermoforming applications; and
engineering resins often in combination with
glass fiber. It is one of the most important
raw materials used in man-made fibres.

PETE see PET.

Teslin™  Teslin is a synthetic printing media, manu-
factured by PPG Industries. Teslin is a wa-
terproof synthetic material that works well
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with an Inkjet printer, Laser printer, or Ther-
mal printer. Teslin is also single-layer, un-
coated film, and extremely strong. In fact, the
strength of the lamination peel of a Teslin
sheetis 2-4 times stronger than other coated
synthetic and coated papers. Teslin comes
in the sizes of 7 mil to 18 mil, though only
sizes 10 mil and 14 mil are sized at 8.5" by
11", for printing with most consumer printers.
Also available are perforated versions of
Teslin, specifically, 2up, 6up, and 8up.
Tyvek™  Tyvekis abrand of spunbonded olefin, asyn-
thetic material made of high- density poly-
ethylene fibers; the name is a registered
trademark of the DuPont Company. The ma-
terial is very strong; it is difficult to tear but
can easily be cut with scissors or any other
sharp object. Water vapor can pass through
Tyvek, but not liquid water, so the material
lends itself to a variety of applications: med-
ical packaging, envelopes, car covers, air
and water intrusion barriers (housewrap) un-
der house siding, labels, wristbands, mycol-
ogy, and graphics.

[0055] When the term "transponder” is used herein, it
may be taken to include any chip suitable for use in an
inlay, such as an RFID chip.

[0056] When the term "chip" is used herein, it may be
taken to include a chip module, or a chip unit. Generally,
as used herein, "chip"is intended to mean RFID or trans-
ponder chip. Also, where applicable, "chip" may refer to
a die, chip module or carrier or "strap".

[0057] Regarding metalized bumps on chips, normally
chips (also referred to as "dice", plural of "die") have alu-
minum pads 100 x 100 microns in dimension. Gold
bumps may be sputtered or plated onto the aluminum
pads and rise 25 microns above the pads. Enhanced
pads or so-called "mega bumps" can be large and can
be mounted over the active structure of a die. When the
term "wire" is used herein, it may be taken to include any
elongate means for conveying or radiating signals, such
as metallic wire (such as gold, aluminium, copper, silver),
of any profile (such as round or rectangular), either bare,
coated or colour coated, as well as optical fibers.
[0058] When the term "antenna" is used herein, it may
be taken to include a simple coil antenna comprising wire
having a number of turns, and two ends, a dipole antenna
having two wire segments with two inner ends, or any
other antenna configuration suitable for connection to a
chip or chip module in an inlay.

[0059] When the term "mounting" is used herein (in
conjunction with wire) it may be taken to include embed-
ding or countersinking the wire into a surface of the inlay
substrate and/or adhesively placing (bonding or sticking)
the wire to the surface of the substrate. In some contexts,
the term "embedding" may be taken to include adhesively
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placing, if appropriate in the context (such as when de-
scribing mounting a self-bonding wire) - in other words,
"embedding" may sometimes be used to mean "mount-
ing" (which includes both "embedding" and "adhesively
placing").

[0060] When the term "bonding" is used herein, it may
be taken to include any means of interconnecting (or sim-
ply "connecting"), both physically and electrically, a wire,
or an end of the wire, or an end portion of the wire, to a
terminal or connection pad on a chip or chip module.
(Bonding typically comprises a kind of welding, but can
include adhesively bonding and soldering.) The intercon-
nection process can for example be inner lead bonding
(heated diamond tool), thermal compression bonding
(thermode), ultrasonic bonding or laser welding.

[0061] Generally, as used herein describing embodi-
ments of the invention, the "transponder chip" is an elec-
tronic component comprising (having at least) two termi-
nals, which may be a single chip, or a module comprising
(having at least) a chip. Generally, the two terminals of
the chip or module are interconnected with correspond-
ing two end portions of the antenna wire which is mounted
to a top surface of a substrate, which may be a multilayer
substrate. generally, as used herein describing embod-
iments of the invention, the transponder chip is disposed
in a "recess" or "cavity" which is an opening extending
atleast partially through the substrate. A "window"is gen-
erally an opening that may extend fully through the sub-
strate. A "slot" is another opening (or hole) extending
through the substrate next to a recess, cavity or window.
In some embodiments, any of recess, cavity, window, or
slot (and combinations thereof) may be used, and when
the term "recess" is used, it should be understood to in-
clude all the variations and combinations, as may be ap-
propriate from the context.

[0062] Asusedherein,a"recess"isgenerally (and usu-
ally) an opening extending only partially through a (typi-
cally) multilayer substrate (the recess may extend com-
pletely through top layers only), as may be exemplified
by the recess 106 (FIG. 1B). The term "cavity" may be
used interchangeably with "recess". A "window" is gen-
erally (and usually) an opening extending completely
through a substrate (whether or not multilayer), as may
be exemplified by the opening 56 in FIG. 6 of US
6,698,089.

[0063] The embodiments of the invention involve pre-
positioning ends of an antenna wire adjacent a trans-
ponder site in preparation for connecting (bonding) to a
transponder chip. When the term "pre-positioning" is
used herein, it should be taken to include the location
whereat the end portions of the antenna are located, in
relation to the site for the transponder chip, and any form
or shape imparted to the end portion of the wire.

[0064] When the term "adjacent" is used herein, it
should be taken to mean other than (not) within the area
of the site for the transponder chip, but rather next to the
site for the transponder chip. As a result of the end por-
tions of the antenna wire being pre-positioned adjacent
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the site for the transponder chip, rather than within (or
over) the site for the transponder chip. Thus, the trans-
ponder chip can be installed at (or removed from) the site
for the transponder chip unimpeded by the end portions
of the antenna wire, since the end portions of the antenna
wire are pre-positioned to not be over the site for the
transponder, including installing the transponder chip
from the same side of the substrate as the antenna.
[0065] Inasmuch as the pre-positioned end portions of
the antenna wire may ultimately be repositioned to be
over terminals of the transponder chip, for interconnec-
tion (such as by bonding) thereto, the end portions of the
antenna wire can be as close as possible to the site for
the transponder chip without impairing (or becoming
damaged by) subsequent installation of the transponder
chip. For example, the end portions of the antenna wire
may be 0.5- 3.0 mm, such as 1.0 - 2-O0mm away from a
transponder area (or recess for the transponder chip).
[0066] In some embodiments, as described hereinbe-
low, rather than moving the pre-positioned end portions
of the antenna wire to be over the terminals of the trans-
ponder chip, the transponder chip is moved so that its
terminals are under the pre-positioned end portions of
the antenna wire for bonding thereto. Generally, either
the transponder chip is moved relative to the substrate
(and wire, since the wire is mostly mounted to the sub-
strate), or the transponder chip may be held in a fixed
position and the substrate is moved. In some embodi-
ments, the transponder chip is rotated, after having been
positioning in the recess or positioned just above the sur-
face of the substrate, so that its terminals are under the
pre-positioned end portions of the antenna wire for bond-
ing thereto. If not already in the recess, the transponder
chip may then be lowered (dropped, sunk) into the re-
cess.

[0067] A conventional method to produce an inlay is
to embed insulated wire into a synthetic material (or a
coated substrate), form an antenna coil on the substrate
with a number of turns and interconnect the wire ends of
the antenna to a transponder chip (or chip module). The
interconnection of the antenna wire to the chip module
is non-trivial, and it can be beneficial that the transponder
chip (or chip module) can be installed on a substrate to
which an antenna coil has already been mounted.

"Wire Bridge"

[0068] FIGs. 2A-2B illustrate a technique which utiliz-
es a "wire bridge" method, and in which a chip (or chip
module) and the antenna are positioned on a common
substrate, whereby the antenna resides on the top side
(front surface) of the substrate and the chip may be in-
serted from either the top side or the bottom (opposite)
side of the substrate.

[0069] Generally, the substrate has a rectangular re-
cess (or cavity) to accommodate a rectangular trans-
ponder chip (or chip module) and end portions of the
antenna wire pass over (span, bridge) the recess, or slots
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adjacent to the recess. The antenna is mounted to the
front (top) side (surface) of the substrate, and the chip
can be inserted into a recess extending only partway
through the substrate from the front surface thereof, after
the antenna is mounted to the front surface of the sub-
strate. Or, the chip can be inserted in to a cavity extending
all the way through the substrate, from the opposite back
(bottom) side (surface) of the substrate. Generally, in this
illustrative example, rather than the end portions of the
wire passing directly over the terminals of the transpond-
er chip, the end portions of the antenna wire are located
adjacent to (nextto, rather than directly over) the terminal
areas of the chip, and thus initially forming a wire bridge
on each side of the chip. After installing the transponder
chip (or chip module) in the recess, the wire bridges can
be re-positioned to be over terminals of the transponder
chip, and bonded thereto. The repositioned wire bridges
may be referred to as "planar loops".

[0070] FIGS. 2A and 2B show a transponder site 202
(compare 102) on a substrate 204 (compare 104) which
may be a portion of an overall inlay sheet 200 (compare
100), whereby a recess 206 (compare 106) is provided
for a transponder chip 208 (compare 108). The trans-
ponder chip 208 may be disposed in the recess 206 after
the antenna 210 (compare 110) is mounted to (embed-
ded in or adhesively place on) the substrate 204.
[0071] Generally, in the embodiments disclosed here-
in, the recess (in this example, 206; in one embodiment,
306) represents a "transponder chip site", or site (area,
location) where a transponder chip will be mounted on
the substrate, whether or not there is a recess. Such a
transponder chip site constitutes a designated area of
the substrate whereat the transponder is intended to be
located. Generally, the transponder chip site will be a
recess which is formed in the substrate, such as an open-
ing in a top layer(s) of a multi-layer substrate. Also, the
terminals (in this example, 208a/b; in one embodiment,
308a/b; also 408a/b) represent "terminal areas" which
are areas whereat the terminals of the transponder chip
will be, after it is mounted and, as such, have a prede-
termined relationship to the transponder chip site (or re-
cess).

[0072] The chip 208, has two terminals 208a and 208b
(compare 108a and 108b), and may be rectangular, hav-
ing a height dimension "h3" and a width dimension "w3".
The chip 208 may measure 5.0mm by 8.0mm (the chip
208 may have the same dimensions as the chip 108).
[0073] The recess 106 may also be rectangular (gen-
erally, the same shape as the chip), having a height di-
mension "h4" and a width dimension "w4". The height
dimension h3 of the recess may be only slightly larger,
such as 0.1mm greater, than the height dimension h2 of
the chip. The width dimension w4 of the recess may be
only slightly larger, such as 0.1 mm greater, than the
width dimension w3 of the chip. Thisis generally the same
as the situation illustrated in FIG.1C.

[0074] End portions 210aand 210b of the antenna wire
210 do not pass directly over respective terminals 208a

10

15

20

25

30

35

40

45

50

55

10

and 208b of the chip 208. (The end portions 210a and
210b of the antenna wire 210 do not pass over an area
which will be occupied by the chip 208.) Rather, the two
end portions 210a and 210b of the antenna wire span
(bridge) the recess 206, and are spaced apart from one
another a distance (s2) which is greater than the width
(w3) of the chip 208, so that the chip 208 can be inserted
into the recess 206 from the same side of the substrate
204 as the antenna, past the end portions 210a and 210b
of the wires, after the antenna has been mounted (em-
bedded in or adhesively placed on) to the substrate 204.
Subsequently, as described in greater detail hereinbe-
low, the end portions 210 and 210b of the wire 210 are
manipulated (re-positioned, moved, stretched) so as to
be over the terminals 208a and 208b, and are bonded
thereto.

[0075] Portions of the end portions 210a and 210b of
the antenna wire 210 pass over the recess 206 or slots
207a and 207b and may be referred to as "wire bridges".
When repositioned to be over the terminals 208a and
208b of the chip 208, the wire bridges may be referred
to as "planar loops" 220a and 220b. Although shown in
FIG. 2A as passing straight over the recess (or slot), the
end portions of the wire may make a bowed (non-straight,
such as curved) transit over the recess (or slot).

[0076] This method of re-positioning the wire conduc-
tor requires a tool (described hereinbelow) to form or grip
the wires and re-position them above the terminals of the
transponder chip, in preparation for interconnection
(bonding) with the terminals of the transponder chip.
Such a tool is well known, and may be referred to in the
industry as a "wire gripper". The tool can generally be in
the form of an elongate member terminating in a hook,
like a crochet needle, having a diameter approximately
equal to the diameter of the wire being gripped (and
moved).

[0077] The dashed lines extending from the top (as
viewed) of the end portion 210a and the bottom (as
viewed) of the end portion 210b indicate that the wire
continues, forming the antenna coil (see FIG. 1A). The
round dots at the bottom (as viewed) of the end portion
210a and the top (as viewed) of the end portion 210b
indicate that the wire ends (stops, does not continue).
[0078] Inthisillustrative example, slots 207a and 207b
are provided on the left and right (as viewed) side edges
of the recess 206. The slots 207a and 207b may extend
fully through the substrate 204, while the recess 206 may
extend only partially through the substrate 204. The slots
207a and 207b are shown as being shorter (less height,
in the vertical direction as illustrated) than the side edges
of the recess 206. The slots 207a and 207b may be con-
sidered to be "widthwise extensions" of the recess 206
and, as such, may be considered simply to be side edge
portions of the recess 206. In this aspect, the slots 207a
and 207b extending from the side edges of the recess
206 could be the full height dimension (h4) of the recess,
rather than being shorter, as illustrated. The slots 207a
and 207b are shown disposed adjacent opposite sides
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of the recess 206, as extensions thereof. The slots 207a
and 207b may otherwise be separate from the recess
206, adjacent and spaced from the side edges thereof.
[0079] The slots 207a and 207b (whether or not con-
sidered to be a part of the recess, per se) provide an area
under the wire bridge spanning the slot which is deeper
than the recess 206, such as fully through the substrate,
to allow a hook or wire gripper to pass easily under the
wires. The chip resides in the recess, but the slots 207a
and 207b provide "windows" under the "wire bridges"
which allows the end portions of the wire to be gripped
more easily for positioning purposes, either from the top
or bottom of the substrate, or both.

[0080] Some advantages to having the slots 207a and
207b include that they can provide an opportunity to in-
stall an optical mechanism in conjunction with a UV laser
for insulation removal (removing coating from the wire
bridges, prior to bonding). In use, one would have an
insulation removal station in the transponder line and the
laser can remove the insulation from all sides of the wire
without restrictions. It also avoids any damaging or mark-
ings to the substrate. A mirrored surface under the slots
can also be used, in conjunction with a vision system, to
ensure that the insulation is completely removed. Also,
during the bonding process, slots under the positioned
chip and wire can be advantageous as one can support
the chip with a well-defined surface during bonding. In-
sulation removal is discussed in greater detail hereinbe-
low.

[0081] Asillustratedin FIG. 2A, prior to installing (plac-
ing, locating, disposing) the chip 208 in the recess 206,
an antenna is formed by passing a wire conductor 210
over the slotted cavity area 207a, forming an antenna,
and finally passing the wire conductor over the second
slotted cavity 207b. The wire conductor on each side of
the chip cavity or chip recess forms wire bridges. The
wire bridges are mounted into or onto the substrate, and
therefore are in a fixed position.

[0082] Generally,inany of the embodiments described
herein, it is also possible to remove the insulation before
proceeding to the next step in the process, such as prior
to bonding the end portions of the antenna wire (wire
bridges) to the terminals of the transponder chip (or chip
module).

[0083] FIG. 2B illustrates the placement of a chip 208
into the recess 206, and the subsequent repositioning of
the wire bridges 210a and 210b over the terminal areas
208a and 208b of the chip 208 for subsequent bonding
thereto (bonding is not shown, itis known, see bond head
118, FIG. 1).

[0084] If the recess 206 extends only partially through
the substrate 204 (compare recess 106, FIG. 1), the chip
208 can be placed in the cavity, after the antenna is
mounted, with the wire bridges in place, since the wire
bridges are spaced apart from one another wider than
the width dimension w3 of the chip 208. Alternatively, the
recess (or cavity) 206 can extend completely through the
substrate 204, in which case the chip could be inserted
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1"

from the bottom of the recess (or window).

[0085] Notethatthewiresare spaced fartherapartthan
width of chip (which means that the chip can be inserted
from the top side), then (after chip is in place) the wires
are re-positioned inward to be over the terminals. The
wire bridges may be moved into position with a wire grip-
per tool (not shown).

[0086] After the end portions 210a and 210b of the an-
tenna wire 210 are moved into position over the respec-
tive terminals 208a and 208b of the transponder chip
208, they are spaced a distance "s3" apart, which corre-
sponds to the distance between the two terminals 208a
and 208b (compare wire spacing "s1" in FIG. 1C).
[0087] This method of re-positioning the wire conduc-
tor requires a tool (not shown) to form or grip the wires
and re-position them above the terminals of the trans-
ponder chip, in preparation for interconnection (bonding)
with the terminals of the transponder chip. Such a tool is
well known, and is referred to in the industry as a "wire
gripper". The tool can be in the form of an elongate mem-
ber terminating in a hook, like a crochet needle, having
a diameter approximately equal to the diameter of the
wire being gripped (and moved). See, for example, FIG.
8B. In use, two of these hooks, positioned generally par-
allel with one another and spaced approximately one wire
diameter apart, can be used to pull on the wire from two
points, rather than one. In FIG. 2B, the re-positioned wire
is shown semicircular. It should be understood thatif one
hook were used to pull on a wire, the repositioned wire
would look more triangular (with an apex), and if two
closely-spaced hooks were used to reposition the wire,
it would look like a triangle with a flat apex (a trapezoid).
[0088] In use, a transponder site commences with the
wire conductor being mounted into or onto the substrate
over a short distance, then drawing the wire conductor
over a cavity (or recess) to accommodate the chip as
well as the wire bridges and mounting the wire conductor
into or onto the substrate in forming an antenna, then
drawing the wire conductor over the cavity on the oppo-
site side to create a second wire bridge and finally mount-
ing the wire conductor into or onto the substrate over a
short distance before cutting the wire.

[0089] In a next step of the process, the insulation of
the wire conductor may be removed in preparation for
interconnection. The wire is formed so that a loop will
extend over the terminal areas of the chip. The forming
of the wire can also be before insulation removal.
[0090] The chip may be positioned (installed, located,
disposed) in the cavity from above or from below (if the
recess extends fully through the substrate) using a vac-
uum suction system to keep the chip in place. And finally,
the end portions of the antenna wire are connected to
the terminals of the chip.

[0091] An advantage to various embodiments of the
invention disclosed herein, particularly those thatinvolve
mounting the antenna wire before installing the trans-
ponder chip, is that this facilitates removal of insulation
(coating) from the antenna wire at the end portions of the
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wire (wire bridges) where bonding to the terminals of the
transponder chip (or chip module) will occur. Various
problems which may thus be avoided or minimized may
include damaging the chip, unwanted reflections from
the chip, accessibility to perform the insulation removal
process, inspectability of the insulation removal process,
etc.

'Jump Loops"

[0092] FIG. 2C illustrates a technique which utilizes a
"looping" method, and in which a chip (or chip module)
and the antenna are positioned on a common substrate,
whereby the antenna resides on the top side (front sur-
face) of the substrate and the chip may be inserted from
either the top side or the bottom (opposite) side of the
substrate. This embodiment is described in greater detail
in any of the following patent applications: US 60/911,077
filed 10 Apr2007; US 11/733,756 filed 10 April 2007; and
PCT/EP2007/059340 filed 06 September 2007.

[0093] Generally, the substrate has a rectangular re-
cess or cavity toaccommodate arectangular chip module
and the end portions of the antenna wire, which pass
nearby (adjacent to) the cavity. The antenna is mounted
to the front (top) side (surface) of the substrate, and the
chip can be inserted into a recess extending only partway
through the substrate from the front surface thereof, after
the antenna is mounted to the front surface of the sub-
strate. Or, the chip can be inserted in to a cavity extending
all the way through the substrate, from the opposite back
(bottom) side (surface) of the substrate.

[0094] Generally, in this example, rather than the end
portions of the wire passing directly over the terminals of
the transponder chip, the end portions of the antenna
wire are located adjacent to (next to, rather than directly
over) the terminal areas of the chip, and are in the form
of loops which extend vertically from the surface of the
substrate, in the manner of wire bond loops.

[0095] Wire bonding, which is a packaging step which
has been used for many years to connect a die to a the
package, is a form of interconnection which consists of
the performance of a basic bonding cycle: a) formation
of the first bond on the die; b) pulling of the wire to the
lead frame or bonding post of the package where the
second bond will be formed; c¢) formation of the second
bond; and d) cutting of the wire in preparation for the next
cycle. The step (b), which feeds and forms the wire that
runs from the first to the second bond, involves an action
often referred to as ’looping’, wherein the wire fed be-
tween the bonds takes the form of an arc. The arc formed
when the bonding tool traveled in a natural parabolic or
elliptical curve is the 'wire loop’. The wire loop is charac-
terized by its shape, length, and height, all of which define
what is known as the wire’s’loop profile’.

[0096] FIG. 2C illustrates a transponder site 252 (com-
pare 102, 202) on a substrate 254 (compare 104, 204)
which may be a portion of an overall inlay sheet 250 (com-
pare 100, 200), whereby a recess 206 (compare 106,
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206) is provided for a transponder chip 258 (compare
108, 208). The transponder chip 258 may be disposed
in the recess 256 after the antenna 260 (compare 110,
210) is mounted to (embedded in or adhesively place on)
the substrate 254.

[0097] The chip 258, has two terminals 258a and 258b
(compare 108a and 108b), and may be rectangular, hav-
ing height "h3" and width "w3" dimensions comparable
to those of the chip 208. The recess 256 may also be
rectangular, having height "h4" and width "w4" dimen-
sions comparable to those of the recess 206. Slots (such
as 207a and 207b) may or may not be provided, and are
omitted, for illustrative clarity.

[0098] End portions 260a and 260b of the antenna wire
260 do not pass directly over respective terminals 258a
and 258b of the chip 258. (The end portions 260a and
260b of the antenna wire 260 do not pass over an area
which will be occupied by the chip 258.) Rather, the two
end portions 260a and 260b of the antenna wire are
formed into "loops" 270a and 270b which are disposed
adjacent opposite sides of the recess 256, and are
spaced apart from one another a distance (s2) which is
greater than the width (w3) of the chip 258, so that the
chip 258 can be inserted into the recess 256 from the
same side of the substrate 304 as the antenna, past the
end portions 260a and 260b of the wires, after the an-
tenna has been mounted (embedded in or adhesively
placed on) to the substrate 254.

[0099] Subsequently, the end portions 260 and 260b
of the wire 260 may be manipulated (repositioned,
moved, stretched) so as to be over the terminals 258a
and 258b, and are bonded thereto. The loops 270a and
270b of this example may be referred to as "jump loops".
The jump loops 270a and 270b may be approximately
2.5mm in height, and may be pre-positioned approxi-
mately 1.5 mm distant from the terminal areas 308a and
308Db of the transponder chip 308 (or from the side edges
of the recess 256).

[0100] The dashed lines extending from the top (as
viewed) of the end portion 260a and the bottom (as
viewed) of the end portion 260b indicate that the wire
continues, forming the antenna coil (see FIG. 1A). The
dots at the bottom (as viewed) of the end portion 260a
and the top (as viewed) of the end portion 260b indicate
that the wire ends (stops, does not continue). Attention
is directed to end portions 260a and 260b (compare 210a
and 210b) of the antenna wire 260. The end portions
260a and 260b will ultimately be connected to corre-
sponding terminals 208a and 208b, respectively, of the
transponder chip 208.

[0101] More generally, if the transponder chip 258 is
not already in place when the antenna wire 310 is mount-
ed to the substrate, and the two loops 270a and 270b
are formed, the reference numeral 258 would refer to a
"site" for a transponder chip (or chip module), the refer-
ence numeral 258a would refer to a first "terminal area",
and the reference numeral 258b would refer to a second
"terminal area". Alternatively, a recess or cavity 256 (de-
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scribed in the next paragraph) can be considered to be
the "site" for the not-yet-in-position transponder chip 258.
[0102] The recess or cavity 256 may be formed in the
surface of the substrate 254 to help align (locate), as well
as to recess (lower the position of), the transponder chip
258. In a multi-layer substrate, the recess or cavity 258
may extend into the substrate from a surface of the sub-
strate, through at least a top layer (compare 104a) of the
substrate, extending to a lower layer (compare 104b) of
the substrate. When the transponder chip 258 is dis-
posed in (received by) the cavity 256, it will be supported
by the lower layer(s) of the substrate. A multi-layer sub-
strate has been illustrated in FIG. 1B.

[0103] The loop portions 270a and 270b of the end
portions 260a and 260b of the antenna wire 260 (or wires,
plural, in the case of a dipole antenna) are not mounted
to (embedded in or adhesively placed on) the substrate
202. Rather, in the process mounting, described in great-
er detail hereinbelow, the loop portions 270a and 270b
of the end portions 260a and 260b of the antenna wire
260 are left un-mounted, and are thus "free-standing". In
this example the loop portions 270a and 270b of the end
portions 260a and 260b of the antenna wire 260 are each
formed as generally upside-down U-shaped loops, sim-
ilar in appearance to a conventional wire-bonding loop.
Each of these loops 270a and 270b formed in the end
portions 260a and 260b of the antenna wire 260 may be
in a plane which may be substantially perpendicular to
the surface of the substrate 254. Generally, if the plane
of the loops is inclined, it should be inclined away from
the transponder site so as not to interfere with subse-
quent installation of a transponder chip, past the loops,
at the transponder site (such as into the recess 256).
[0104] When the term "loop" is used herein, it may
broadly be taken to include jump loops (like traditional
wire bonding loops), planar loops, flatloops, wire bridges,
meanders, and any configuration of end portions of the
antenna wire pre-positioned adjacent or over the recess
or transponder area, so as to permit installation of the
transponder chip from the same side of the chip as the
antenna, past the pre-positioned (looped) end portions
of the antenna wire.

[0105] The jump loops 270a and 270b are located ad-
jacent (next to, along side of) first and second terminal
areas (or terminals 258a and 258b, if the transponder
chip 258 is in place) for the transponder chip 258, in prep-
aration for connecting the loops 270a and 270b to the
terminals 258a and 258b of the transponder chip 258
(once it is in place). The loops 270a and 270b can be
manipulated, so thatin a next step they will be positioned
above the terminals 258a and 258b of the transponder
chip 258 (once the transponder chip 258 is in its place
(256) on the substrate 254).

[0106] The loops 270a and 270b subsequently (such
as after the transponder chip is in place) be manipulated
(drawn in, deflected, moved, bent, repositioned, extend-
ed) to be substantially directly over the terminals 258a
and 258b of the transponder chip 258, in preparation for
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interconnection (such as bonding) to the terminals 258a
and 258b of the transponder chip 258.

[0107] To mount the antenna wire 260, and form the
loops 270a and 270b, an embedding tool may be lowered
onto the substrate, and the embedding process may
commence, at a "starting point" labelled "a".

[0108] The embedding tool then moves in a plane (x-
y) parallel to the surface of the substrate, but only a short
distance sufficient to ensure embedding of the wire, to
the point"b", and then the embedding tool stops vibrating
and raises up. The distance between the points "a" and
"b" may be 5 to 8 mm.

[0109] Next, the embedding tool is moved, and this
may include rotationally positioning the wire guide, to
form a free-standing loop in the wire, between the points
"b" and "c". Typically, the free-standing loop will be
formed adjacentaterminal area of adevice (as discussed
hereinabove, which may be before (or after) the device
(the transponder chip) is mounted to the substrate The
distance between the points "b" and "c" may be 3-5 mm
for a chip, or 4-5 mm for a chip module.

[0110] The loop (between the points "b" and "c") may
be a "jump" loop similar to a wire bonding loop, in a plane
which is substantially perpendicular to the surface of the
substrate, or the loop may be a wire bridge over a slot in
the substrate, substantially in the plane of the substrate.
In either case the end portion of the antenna wire is pre-
positioned adjacent the terminal area 258a.

[0111] Next, atthe point "c", loop formation is finished,
the embedding tool may again be lowered, embedding
of the wire resumes (ultrasonic vibrations start), and the
embedding tool moves along a prescribed path, parallel
to the surface of the substrate, to form a desired pattern,
such as the square coil for the antenna (see, for example,
the antenna 110 FIG. 1A).

[0112] It may be noted, for example, at the point "d",
the embedding tool would need to make a 90-degree turn
to form a subsequent (second) side of a rectangular coil
antenna. The 90-degree corner angle at point "d" is by
way of example. Generally, at some point in making the
pattern, the tool will have to make some angle, which
need not be 90-degrees, it could be more, or less. (Even-
tually, after moving around the substrate, mounting (em-
bedding or adhesively placing) the antenna wire, the em-
bedding tool will need to return to near its starting point.)
[0113] After mounting the antenna in the desired pat-
tern, and making a final turn at the point "e", embedding
continues to a point "f'. The next step is similar to the
second part of the step 504. At the point "f’, the embed-
ding tool stops vibrating and raises up.

[0114] Next, a free-standing loop in the wire is formed
between the points "f’ and "g", adjacenta second terminal
area of a device (as discussed hereinabove, which may
be before (or after) the device is mounted to the substrate
The distance between the points "’ and "g" may be 4 to
5 mm for a chip module.

[0115] Next, the embedding tool then movesin a plane
(x-y) parallel to the surface of the substrate, but only a
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short distance sufficient to ensure embedding, to the
point "h", and then the embedding tool stops vibrating
and a cutting tool (which is typically associated with the
embedding tool) severs (cuts) the wire.

[0116] The embedding tool can then move to another
location on a substrate to prepare another site with an
antenna and loops.

[0117] The transponder chip 258 may or may not have
been in place prior to mounting the antenna and forming
the loops. When the transponder chip 258 is in place
(installed on the substrate, at the transponder site), the
loops are drawn in (re-positioned, manipulated to be)
over the terminals, and then the loops are connected
(bonded) to the terminals of the transponder chip. If the
wire is an insulated wire, there may (or may not) be an
insulation removal step before connecting (bonding) the
loops to the terminals.

[0118] This method of re-positioning the wire conduc-
tor may require a tool (described hereinbelow) to push
the loops over, thereby re-positioning them to be above
the terminals of the transponder chip, in preparation for
interconnecting (bonding) them to the terminals of the
transponder chip. Such a tool is well known, and may be
referred to in the industry as a "wire gripper", and may
be similar in design to the hooks used in a pull tester to
calculate bond force.

[0119] It should be understood that it is not necessary
to bond an entire loop (270a, 270b) to a terminal (258a,
258b), rather only a portion thereof, such as a tip (apex)
portion of the loop.

[0120] It should also be understood that if the antenna
wire is an insulated wire, having one or more coatings to
assist (for example) in mounting by adhesively placing
the antenna wire on the substrate, the coating(s) (self
bonding coat and insulation layer) should be removed
prior to bonding. Removal of the coating(s) (insulation)
from an insulated wire (from the loops, or from tips of the
loops - importantly from a portion of the wire that will be
bonded to the terminal(s) of the transponder chip) are
discussed in greater detail hereinbelow (and may involve
using apparatus such as a laser or a hot iron to remove
the coating(s)), and can be done (performed) either dur-
ing mounting the antenna wire, or after having mounted
the antenna wire over slots and formed the loops in prep-
aration for bonding.

[0121] A self-adhering wire may comprise: a metallic
core, a first non-metallic coating disposed on the surface
of the metallic core; and a second non-metallic coating
disposed on the surface of the first metallic coating. The
core may comprise copper, aluminum, doped copper,
gold, silveror Litz wire, and may have a diameter of 0.010
- 0.50mm (AWG 24-58) (0.010mm = 100 micron). The
range would normally be 10 to 150 microns (um). The
first non-metallic coating, or "base coat" may comprise
modified polyurethane, and may have a thickness of only
afew microns. The second non-metallic coating, or "bond
coat" may comprise polyvinylbutyral or polyamide, and
may have a thickness of only a few microns.
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[0122] Litz wire Litz wire is a special type of wire used
in electronics. It consists of many thin wires, individually
coated with an insulating film and braided, thus increas-
ing the surface area of the conductor and thereby reduc-
ing the skin effect and associated power losses when
used with high-frequency applications. The word origi-
nated from Litzendraht, German for braidswire.

[0123] Throughout the embodiments described here-
in, any suitable tool for mounting (embedding or adhe-
sively placing) the antenna wire to the substrate may be
used, such as the tool disclosed in US 6,698,089. See
also WO2000/36891. Some dimensions may be used to
illustrate the process, and it should be understood that
the dimensions set forth herein are exemplary and illus-
trative, and should not be construed as limiting.

[0124] Throughout the embodiments described here-
in, when bonding is referred to, bonding may proceed in
any conventional manner. Generally, the wire ends of
the antenna, ultimately residing over the terminals of the
transponder chip, are bonded to the terminals of the chip.
The interconnection (bonding) process can for example
be inner lead bonding (diamond tool), thermal compres-
sion bonding (thermode), ultrasonic bonding or laser
welding. Prior to interconnection the insulation layer of
the wire conductor can be removed.

[0125] Two examples for pre-positioning end portions
of an antenna wire (or two antenna wires, in the case of
a dipole antenna) have been described. In both exam-
ples, the wire bridge or jump loop comprises an un-
mounted (free-standing) end portion of the antenna wire,
substantially the entire remainder of the antenna wire
being mounted to (embedded in or adhesively positioned
on) the substrate. The free-standing end portions of the
antenna wire, whether wire bridges or jump loops or the
like (other configurations are possible), may be referred
to herein as "free-standing loops". Embodiments of what
may also be considered to be "free-standing loops" (un-
mounted end portions of the antenna wire) are described
hereinbelow.

[0126] Some important features of the invention dis-
closed herein include pre-positioning end portions of the
antenna wire adjacent a transponder chip area (or re-
cess), and sufficiently wide apart so that the transponder
chip may be installed, after the antenna wire has been
mounted, from the same side of the substrate as the an-
tenna. Because the antenna wire may be mounted before
the transponder chip is installed, insulation may be re-
moved from portions of the antenna wire which will be
bonded to the terminals of the transponder chip without
interference from, or damage to the transponder chip.

Moving the Chip (FIGs. 3A-3E)

[0127] In the previously described example, the end
portions of the antenna wire are initially placed on the
substrate wider apart than the chip, spanning a recess
(or slots on side edges of the recess), and the end por-
tions of the wire are subsequently repositioned to be over
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the terminals of the chip, for bonding thereto. Insulation
may be removed from the end portions of the wire span-
ning the recess (or slots) prior to mounting the chip in the
recess.

[0128] This embodiment of the invention involves pro-
viding an enlarged (oversized) recess (cavity, window)
to accept the chip, and creating "wire bridges" spanning
the oversized cavity, the wires being spaced sufficiently
apart that a chip may be installed between the wires, into
the recess. The substrate may be a multi-layer substrate.
[0129] Generally, the two wire bridges (end portions of
the antenna wire spanning the recess) are spaced farther
apart than the width of the chip, so that the chip can be
inserted into the recess from the same (top) side of the
substrate, past the two wire end portions of the antenna
which are bridging (extending across) the recess, after
the antenna has been mounted to the substrate.

[0130] The recess is significantly larger (in width) than
the chip, so that the chip can be repositioned (moved)
side-to-side within the recess. (The recess in the surface
of the substrate is sufficiently large to allow the relative
motions between the transponder chip and the sub-
strate.) In a first repositioning step, the chip is reposi-
tioned so that a first terminal of the chip is disposed under
a corresponding first end portion of the antenna which is
bridging the recess, and the end portion of the antenna
wire is bonded thereto. In a second repositioning step,
the chip is repositioned so that a second terminal of the
chip is disposed under a corresponding second end por-
tion of the antenna wire which is bridging the recess, and
the end portion of the antenna is bonded thereto. (Since
the chip has already been bonded to the first end of the
antenna, some slack should be left in the first end of the
antennawhen forming the bridge so thatitdoes notimpair
the sideways movement of the chip to the second posi-
tion.) Inthese repositioning steps, the chip may by moved
sideways with a suitable chip manipulating tool, such as
a pipette, not shown.

[0131] Forexample achip having awidth of 4mm (4000
wm) can be placed in a recess having a width of 6mm
(6000 pm), so that the chip can be moved 1mm in either
direction. The terminals of the chip may be 0.5 mm (500
pm) inward from a side edge of the chip, and thus spaced
3mm apart from one another. The two wire ends, bridging
the recess generally parallel with one another, may be
spaced 5mm from one another, which permits the chip
(4mm width) to be inserted therebetween.

[0132] Atfterthefirstbond, the chip may be moved 2mm
(2000 pm) so that the second terminal is under the sec-
ond end of the wire, for bonding thereto. Slack can be
created in the wire, to facilitate movement of the chip, by
forming embedding or partially-embedded squiggles (by
reduced force of the sonotrode embedding the wire) the
wire into the substrate with "squiggles" at the ends of the
bridges (the four bridge starting/ending points) so that as
the wire rips out, there is some slack to accommodate
movement of the chip.

[0133] According to a feature of the invention, after
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forming the antenna having end portions passing over
(bridging) the recess, insulation may be removed from
the wire in preparation for bonding to the terminals of the
chip, prior to installing the chip in the recess. Insulation
removal may be done with a laser, not shown.

[0134] FIGS. 3A-3E illustrate a transponder site 302
(compare 102, 202) on a substrate 304 (compare 104)
which may be a portion of an overallinlay sheet 300 (com-
pare 100), whereby an oversized recess 306 (compare
106, 206) is provided for a transponder chip 308 (com-
pare 108, 208). The transponder chip 308 may be dis-
posed in the recess 306 after the antenna 310 (compare
110,210) is mounted (embedded in or adhesively place
on) the substrate.

[0135] The chip 308, has two terminals 308a and 308b,
and may be rectangular, having a height dimension "h5"
and a width dimension "w5". The chip 308 may be a chip
module measuring measure h5=4.0mm by w5 =6.0mm.
[0136] The recess 306 is also rectangular (generally,
the same shape as the chip), having a height dimension
"h6" and a width dimension "w6". The height dimension
h6 of the recess may be only slightly larger, such as
0.1mm greater, than the height dimension h5 of the chip.
This (the height of the recess only slightly larger than the
height of the chip) is generally the same as the situation
illustrated in FIG. 1C.

[0137] The width dimension w6 of the recess 306 is
substantially (much) larger, such as 3mm - 4mm greater,
than the width dimension w5 of the chip 308. For exam-
ple, givena chip 308 measuring h5=4mm and w5 =6mm,
the recess 306 may have dimensions of h6 =4.1mm and
w6 = 10mm. In other words, the width dimension w6 of
the recess 306 is significantly greater than the width di-
mension w5 of the chip 308, such as 40% greater, in-
cluding at least 20% greater, at least 25% greater, at
least 30% greater, at least 40% greater, at least 50%
greater, at least 60% greater.

[0138] Asinthe previous example (FIGs. 2A-2B), end
portions 310a and 310b of the antenna wire 310 do not
pass directly over respective terminals 308a and 308b
of the chip 308. Rather, the two end portions 310a and
310b of the antenna wire, which may be referred to as
"wire bridges", span (bridge, pass over) the recess 306,
and are spaced apart from one another a distance (s4)
which is greater than the width (w5) of the chip 308, so
that the chip 308 can be inserted into the recess 306 from
the same side of the substrate as the antenna, past the
end portions of the wires, after the antenna has been
mounted (embedded in or adhesively placed on) to the
substrate. Subsequently, as described in greater detail
hereinbelow, the chip 308 is moved (re-positioned, ma-
nipulated) so that its terminals 308a and 308b are under
respective ones of the end portions 310a and 310b of
the antenna wire 310, for bonding thereto.

[0139] The dashed lines extending from the top (as
viewed) of the end portion 310a and the bottom (as
viewed) of the end portion 310b indicate that the wire
continues, forming the antenna coil (see FIG. 1A). The
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dots at the bottom (as viewed) of the end portion 310a
and the top (as viewed) of the end portion 310b indicate
that the wire ends (stops, does not continue).

[0140] FIG. 3A shows the enlarged cavity 306 in a sub-
strate. The cavity 306 may measure w6 = 10mm and h6
= 5mm. The figure shows end portions 310a and 310b
of the antenna wire 310 bridging (spanning) the cavity
306 near the outer edges thereof. The end portions 310a
and 310b of the antenna wire 310 may be spaced (for
example) 0.5mm inward from the respective left and right
side edges of the cavity 306, in which case the distance
s4 between the two wire bridges would be 8mm (10mm-
Tmm-1mm).

[0141] Theinsulation or coating (if any) on the end por-
tions 310a and 310b of the antenna wire 310 may be
removed at this stage, such as with a laser (not shown).
[0142] FIG. 3B shows a chip module 308 inserted into
the cavity 306. This chip module 308 may measure w5
= 6mm by h5 = 4mm. Since w5 (6mm, in this example)
is less than s4 (8mm, in this example), the chip module
308 fits easily between the end portions 310a and 310b
of the antenna wire 310. The chip module 308 is shown
centered in the cavity 306.

[0143] In FIG. 3C, the chip is moved, such as 1.0mm,
as indicated by the arrow 320, to one side of the cavity
306 so that a first terminal 308a is positioned under a
first one 310a of the end portions (wire bridges) of the
wire 310, and the end portion 310a of the wire 310 is
bonded to the terminal 308a using any suitable conven-
tional means for bonding (not shown in this figure, see
118 in FIG. 1B). This movement of the chip imparts a
relative motion between the chip and the substrate,
hence between the chip and the end portions of the wire
mounted to the substrate.

[0144] In FIG. 3D, the chip is moved, such as 2.0 mm
(1.0mm to its original position, then 1.0 mm further), as
indicated by the arrow 322, to the other side of the cavity
306 so that a second terminal 308b is positioned under
a second one 310b of the end portions (wire bridges) of
the wire 310, and the end portion 310b of the wire 310
is bonded to the terminal 308b using any suitable con-
ventional means for bonding (not shown in this figure,
see 118 in FIG. 1B). This movement of the chip imparts
a relative motion between the chip and the substrate,
hence between the chip and the end portions of the wire
mounted to the substrate.

[0145] Asshown in FIG. 3D, this movement of the chip
module 308 "drags" (deforms, stretches) the first one
310a’ (prime) of the end portions (wire bridges) of the
wire 310. The wire itself can typically stretch alittle. Some
slack can be left in the wire. Immediately before bridging
the cavity, the wire can be lightly embedded in a curve
pattern, such as squiggles, so that it can "play out" (be-
come un-embedded, locally) and "follow" the chip module
308 as the chip module 308 is repositioned. The process
can be terminated here, with the chip module 308 being
located off center within the cavity 306.

[0146] FIG. 3E illustrates that the chip module 308 may
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be moved, such as 1.0mm, as indicated by the arrow
324, back to a center position within the cavity 306 and,
as shown in this figure, this movement of the chip module
308 "drags" (deforms, stretches) the second one 310b’
(prime) of the end portions (wire bridges) of the wire 310
along with it. The first one 310a of the end portions (wire
bridges) of the wire 310 may become somewhat
"bunched up" by this movement. This movement of the
chip imparts a relative motion between the chip and the
substrate, hence between the chip and the end portions
of the wire mounted to the substrate.

[0147] Whereas, initially, as shown in FIG. 3A, the end
portions 310a/310b of the wire 310 are spaced a distance
s4 apart from one another which is wider than the width
dimension w5 of the chip 308 (s4 > w5), it can be seen
in FIG. 3E (also FIG. 3D) that the end portions
310a’/310b’ of the wire 310 have been deformed, so as
to be finally closer with one another, spaced a distance
s5 apart from one another which is less than the initial
spacing s4 (s5 < s4). The distance s5 between "bonding
portions" of the end portions 310a’/310b’ of the wire 310
is slightly less than the width w5 of the chip 308 so that
the bonding portions of the wire which are to be intercon-
nected (bonded) to the terminals of the chip are spaced
apart approximately equal to the spacing (not labeled)
between the terminals 308a/308b of the chip.

[0148] In use, a transponder site commences with the
wire conductor being mounted into or onto the substrate
over a short distance, then drawing the wire conductor
over the enlarged cavity to accommodate the chip as well
as the wire bridges, mounting the wire conductor into or
onto the substrate in forming an antenna, then drawing
the wire conductor over the cavity on the opposite side
to create a second wire bridge and finally mounting the
wire conductor into or onto the substrate over a short
distance before cutting the wire.

[0149] Inthe next step of the process, the insulation of
the wire conductor may be removed in preparation for
interconnection.

[0150] The chip 308 may be positioned into the en-
larged cavity 306 from above using a conventional pick
& place system (not shown). The chip can shift (slide)
from right to left (side-to-side), horizontally in the cavity
(until it reaches the side edges of the cavity), while its
movement is restricted in the vertical direction by the top
and bottom (as viewed) side edges of the cavity 306.
[0151] A conventional suction pipette (not shown) may
be used to align the chip under the first wire bridge and
the wire conductor is bonded to the first terminal area on
the chip. Then the chip is aligned to the second wire
bridge and the wire conductor is bonded to the second
terminal area on the chip.

[0152] To protectthe bond areas an epoxy (not shown)
can be dispensed. In addition, a flexible adhesive (not
shown) can be dispensed in the chip cavity before placing
the chip.
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Moving the Substrate (FIGs. 4A-4E)

[0153] Generally, as described above, in a transpond-
er the two end portions of the antenna need to be inter-
connected (such as by bonding) to two corresponding
terminals of the chip (or chip module).

[0154] In the prior art described with respect to FIG.
1C, the recess has a width (w2) which is only slightly
(such as 2%) larger (50 to 100 microns) than the width
(w1) of the chip. The two end portions of the antenna
wire span (bridge) the recess, and are spaced apart from
one another a distance (s1) which is less than the width
(w1) of the chip, and which is substantially equal to the
spacing of the terminals of the chip. Generally speaking,
because the wires (wire bridges) are "in the way", the
chip cannot be inserted into the recess from the same
side of the substrate as the antenna, past the end portions
of the wires, and is therefore generally disposed in the
recess prior to the antenna being mounted to the sub-
strate. (Or, the chip must be inserted from the opposite
side of the substrate.) The antenna is mounted with the
end portions of the wires passing directly over the chip
terminals, and are bonded thereto.

[0155] In the illustrative example described with re-
spect to FIGs. 2A - 2B, the recess (including the slots)
has a width (w4) which is more than slightly greater than
the width (w3) of the chip. The two end portions of the
antenna wire span (bridge) the recess, and are spaced
apart from one another a distance (s2) which is greater
than the width (w3) of the chip, so that the chip can be
inserted into the recess from the same side of the sub-
strate as the antenna, past the end portions of the wires.
Subsequently, the end portions of the wires are manip-
ulated (repositioned) so as to be over the terminals, and
are bonded thereto. In simple terms, the wire is mounted,
the wire bridges are initially spaced wide apart, the chip
is inserted, and the wire bridges are "directly" manipulat-
ed to be closer together for bonding to the terminals of
the chip.

[0156] In the embodiment of the invention described
with respect to FIGS. 3A - 3E, the recess has a width
(w6) which is substantially greater than the width (w5) of
the chip. The two end portions of the antenna wire span
(bridge) the recess, and are spaced apart from one an-
other a distance (s4) which is greater than the width (w5)
ofthe chip, so that the chip can be inserted into the recess
from the same side of the substrate as the antenna, past
the end portions of the wires. Subsequently, the chip is
moved, from side-to-side, so thatin a given position, each
of the terminals is under a corresponding one of the end
portions of the wires, and the end portions of the wire are
bonded to the terminals. In simple terms, the wire is
mounted, the wire bridges are initially spaced wide apart,
the chip is inserted and is sequentially moved to bring its
terminals into position under the wire bridges for bonding
thereto, a result of which is, as in the FIGs. 2A-2B exam-
ple, the wire bridges are "indirectly" caused to be closer
together for bonding to the terminals of the chip.
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[0157] Generally, the movement of the chip module
308 within the recess 306 may be considered to be a
"relative motion" between the chip module 308 and the
substrate, wherein either one of (or both of) the chip mod-
ule and or the substrate can be moved, relative to the
other, to position the terminals of the chip module under
the corresponding end portions of the antenna wire, for
bonding thereto. As described in greater detail hereinbe-
low, in simple terms, the wire is mounted, the wire bridges
are initially spaced wide apart, the chip is inserted and
the substrate is sequentially moved to bring the chip’s
terminals into position under the wire bridges for bonding
thereto, a result of which is, as in the FIGs. 2A-2B ex-
ample, the wire bridges are brought closer together for
bonding to the terminals of the chip.

[0158] In the embodiment of the invention now de-
scribed with respect to FIGs. 4A - 4E, rather than moving
the chip module while the substrate remains fixed, the
substrate is moved while the chip module remains fixed.
Since the situation is one of relative motion, no additional
figures are required. However, to add clarity, FIGs. 4A -
4E are cross-sections, rather than top views.

[0159] Generally, FIGS. 4A-4E correspond with FIGs.
3A-3E, but the height dimensions (h5 and h6) will not be
visible in these cross-sectional views.

[0160] Generally, in FIGs. 4A-4E, a selected one of
the transponder areas 402 (compare 102) constituting a
single transponder is shown in detail. As was the case
described hereinabove with respect to FIG. 1A, there
may be additional transponder areas (and corresponding
additional transponders) disposed to the left and right of,
as well as above and below, the transponder 102, on an
inlay sheet. Such a plurality of transponders may be ar-
ranged in an array on the (larger) inlay sheet.

[0161] The inlay sheet 400 (compare 100) may be a
multi-layer substrate. As illustrated in FIGS. 4A-4E, the
inlay sheet 400 may comprise one or more upper (top)
layers 404a and one or more lower (bottom) layers 404b.
[0162] A recess 406 (compare 106, 306) may be
formed in the upper layer 404a, at a "transponder chip
site", so that a transponder chip 408 (compare 108, 308)
may be disposed in the recess, and supported by the
lower layer 404b. The transponder chip 408 is shown
having two terminals 408a and 408b on a top surface
thereof. As is the case in all of the embodiments de-
scribed herein, the transponder chip may be a single chip
or a chip module.

[0163] FIGs. 4A-4E illustrate a transponder site 402
(compare 302) on a substrate 400 (compare 100), where-
by an oversized recess 406 (compare 306) is provided
for a transponder chip 408 (compare 308). The trans-
ponder chip 408 may be disposed in the recess 406 after
the antenna 410 (compare 310) is mounted (embedded
in or adhesively place on) the substrate 400.

[0164] Thechip408, hastwo terminals 408aand 408b,
and may be rectangular, having a height dimension "h7"
(not visible in this view, but may be the same as h5) and
a width dimension "w7" (which may be the same as w5).
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The chip 408 may be a chip module measuring measure
h5 = 4.0mm by w7 = 6.0mm.

[0165] The recess 406 is also rectangular (generally,
the same shape as the chip), having a height dimension
"h8" (not visible in this view, but may be the same as h6)
and a width dimension "w8" (which may be the same as
w6).

[0166] The height dimension h6 of the recess may be
only slightly larger, such as 0.1mm greater, than the
height dimension h5 of the chip. (This is similar to what
was discussed with respect to the FIGS. 3A-3E embod-
iment, as well as the FIGs. 2A-2B example.)

[0167] The width dimension w8 of the recess 406 is
much larger, such as 3mm - 4mm greater, than the width
dimension w7 of the chip 408. For example, given a chip
408 measuring h7=4mm and w7 = 6mm, the recess 406
may have dimensions of h8 = 5mm and w8 = 10mm. In
other words, the width dimension of the recess 406 is
significantly greater than the width dimension of the chip
408, such as 40% greater, including atleast 20% greater,
at least 25% greater, at least 30% greater, at least 40%
greater, at least 50% greater, at least 60% greater.
[0168] As in the previous embodiment (FIGs. 3A-3E),
end portions 410a and 410b of the antenna wire 410 do
not pass directly over respective terminals 408a and
408b of the chip 408. Rather, the two end portions 410a
and 410b of the antenna wire span (bridge) the recess
406, and are spaced apart from one another a distance
(s6) which is greater than the width (w7) of the chip 408,
so that the chip 408 can be inserted into the recess 406
from the same side of the substrate as the antenna, past
the end portions of the wires, after the antenna has been
mounted (embedded in or adhesively placed on) to the
substrate. Subsequently, as described in greater detail
hereinbelow, the substrate 402 is moved (re-positioned,
manipulated) so that its terminals 408a and 408b are
under respective ones of the end portions 410a and 410b
of the antenna wire 410, for bonding thereto.

[0169] FIG. 4A shows the enlarged cavity 406 in a sub-
strate 402. The cavity 406 may measure w8 = 10mm.
The figure shows end portions 410a and 410b of the an-
tenna wire 410 bridging (spanning) the cavity 406 near
the outer edges thereof. The end portions 410aand 410b
of the antenna wire 410 may be spaced (for example)
0.5mm inward from the respective left and right side edg-
es of the cavity 406, in which case the distance s6 be-
tween the two wire bridges would be 8mm (10mm - 1mm
- 1mm = 8mm).

[0170] Theinsulation or coating (if any) on the end por-
tions 410a and 410b of the antenna wire 410 may be
removed at this stage, such as with a laser (not shown).
[0171] FIG. 4B shows a chip module 408 inserted into
the cavity 406. This chip module 408 may measure w7
= 6mm. Since w7 (6mm, in this example) is less than s6
(8mm, in this example), the chip module 408 fits easily
between the end portions 410a and 410b of the antenna
wire 410. The chip module 408 is shown centered in the
cavity 406.

10

15

20

25

30

35

40

45

50

55

18

[0172] In FIG. 4C, the substrate 402 is moved, such
as 1.0mm, as indicated by the arrow 420, so that the chip
408 is positioned to one side of the cavity 406, so that a
first terminal 408a is positioned under a first one 410a of
the end portions (wire bridges) of the wire 410, and the
end portion 410a of the wire 410 is bonded to the terminal
408a using any suitable conventional means for bonding
(not shown in this figure, see 118 in FIG. 1B). This move-
ment of the substrate imparts a relative motion between
the chip and the substrate, as described hereinabove.
[0173] In FIG. 4D, the substrate 402 is moved, such
as 2.0 mm (1.0mm to its original position, then 1.0 mm
further), as indicated by the arrow 422, so that the chip
408 is positioned to the other side of the cavity 406, so
that a second terminal 408b is positioned under a second
one 410b of the end portions (wire bridges) of the wire
410, and the end portion 410b of the wire 410 is bonded
to the terminal 408b using any suitable conventional
means for bonding (not shown in this figure, see 118 in
FIG. 1B). This movement of the substrate imparts a rel-
ative motion between the chip and the substrate, as de-
scribed hereinabove.

[0174] As mentioned hereinabove, and as shown in
FIG. 4D, this relative movement of the substrate and the
chip module will "drag" (deform, stretch) the first one
410a’ (prime) of the end portions (wire bridges) of the
wire 410.

[0175] FIG. 4E illustrates that the substrate 402 may
be moved, such as 1.0mm, as indicated by the arrow
324, back to its original position, with the chip module
408 centered within the cavity 406, which will drag the
second one 410b’ (prime) of the end portions (wire bridg-
es) of the wire 410 along with it, as discussed herein-
above with respect to FIG. 3E. This movement of the
substrate imparts a relative motion between the chip and
the substrate, as described hereinabove.

[0176] Whereas, initially, as shown in FIG. 4A, the end
portions 410a/410b of the wire 410 are spaced a distance
s6 apart from one another which is wider than the width
dimension w7 of the chip 408 (s6 > w7), it can be seen
in FIG. 4E (also FIG. 4D) that the end portions 410a/410b
of the wire 410 have been deformed, so as to be finally
closer with one another, spaced a distance s7 apart from
one another which is less than the initial spacing s7 (s7
<s6). The distance s7 between "bonding portions" of the
end portions 410a/410b of the wire 410 is slightly less
than the width w7 of the chip 408 so that the bonding
portions of the wire which are to be interconnected (bond-
ed) to the terminals of the chip are spaced apart approx-
imately equal to the spacing (not labeled) between the
terminals 408a/408b of the chip.

[0177] It may be noted, looking at FIGs. 4B-4E, that
the chip module 408 is always in the same position (hor-
izontally) on the sheet, and the substrate 402 is in differ-
ent horizontal positions - centered in FIG. 4B, positioned
to the right in FIG. 4C, positioned to the left of center in
FIG. 4D, and centered (re-centered) in FIG. 4E. This is
in contrast with what is shown in FIGs. 3B-3E, where the
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substrate (as represented by the recess 306) is always
in the same position (albeit in different positions on the
sheet), and it is the chip that moves within the recess -
centered in FIG. 3B, positioned to the left in FIG. 3C,
positioned to the right of center in FIG. 3D, and re-cen-
tered in FIG. 3E.

[0178] In use, a transponder site commences with the
wire conductor being mounted into or onto the substrate
over a short distance, then drawing the wire conductor
over the enlarged cavity to accommodate the chip as well
as the wire bridges, mounting the wire conductor into or
onto the substrate in forming an antenna, then drawing
the wire conductor over the cavity on the opposite side
to create a second wire bridge and finally mounting the
wire conductor into or onto the substrate over a short
distance before cutting the wire.

[0179] Inthe next step of the process, the insulation of
the wire conductor may be removed in preparation for
interconnection.

[0180] The chip is positioned into the enlarged cavity
from above using a conventional pick & place system
(not shown). The substrate can shift from right to left
(side-to-side), so that the chip is in different positions in
the cavity.

[0181] A suction pipette (not shown) may be used to
insert the chip into the recess and to hold the chip in a
fixed position while the substrate is moving, to position
the terminals under corresponding end portions (bridges)
of the antenna wire, as described above.

[0182] If the recess extends all the way through the
substrate, the chip can be inserted and maintained in its
"fixed" position from below.

[0183] Arecess extending all the way through the sub-
strate (which may be referred to as a "window") may be
advantageous in that it allows the chip to reside on a hard
(such as ceramic), pre-heated (such as to 100 degrees-
C) work surface during bonding, which can improve ther-
mode ageing problems. Also, for mounting (such as em-
bedding) the wire, having the substrate on a hard surface
may be advantageous. A window also allows for the use
of a UV laser and optics, from either above or below, for
removal of insulation from the wire.

[0184] Ceramic insert(s) may be included in the work
plate. The chip may be held under vacuum to the work
surface, and under the terminal areas of the chip there
are ceramic plates to enhance the bonding process. In
the case of a die, the entire chip may sit on a ceramic
plate. The ceramic plate can he heated.

[0185] To protectthe bond areas an epoxy (not shown)
can be dispensed. In addition, a flexible adhesive (not
shown) can be dispensed inthe chip cavity before placing
the chip.

[0186] Generally, it can be seenthat the recesses 206,
306, 406 are sufficiently larger than the chip 208, 308,
408 so that the end portions of the wires can be spaced
farther apart than the width of the chip. After installing
the chip in the recess, the wires are brought closer to-
gether (by moving at least one of the wires, either "di-
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rectly” or "indirectly") so that they are both disposed over
corresponding terminals of the chip, for bonding thereto.
[0187] In the FIGs. 2A-2B example, the chip and the
substrate remain stationary, and the end portions of the
wires are (directly) moved, closer together, to be over
the terminals of the chip, which are located on opposite
sides of the chip. It is within the scope of the invention
that both the vertical and the horizontal dimensions of
the recess can be enlarged - for example, with a first wire
being able to be moved in the horizontal direction to be
over a first terminal of the chip and a second wire being
able to be moved in the vertical direction to be over a
second terminal of the chip (such as on an adjacent, rath-
er than an opposite side of the chip). The same concept
can be applied in the FIGs. 3A-3E and FIGs. 4A-4E em-
bodiments - namely, having an oversize recess which is
substantially larger in both orthogonal directions, and
causing relative movement of the chip (by moving the
chip and/or the substrate) to position the terminals of the
chip to be under the wire bridges, for bonding thereto.
[0188] Generally, itcan be seen that the recesses 306
and 406 have widths w6 and w8, respectively, which are
substantially greater than the width (w5, w7) of the chip.
The two end portions of the antenna wire span (bridge)
the recess, and are spaced apart from one another a
distance (s4, s6) which is greater than the width (w5, w7)
of the chip, so thatthe chip can be inserted into the recess
from the same side of the substrate as the antenna, past
the end portions of the wires. Subsequently, the chip 308
or the substrate 404 is moved, from side-to-side, so that
in a given position, each of the terminals of the chip is
under a corresponding one of the end portions of the
wires, and the end portions of the wire are bonded to the
terminals.

[0189] In these two embodiments (moving the chip,
moving the substrate), the wire is not "actively" or "direct-
ly" moved per se (such as with a wire gripper), but it
moves ("indirectly") after being bonded to a chip (see
FIGs.3D and 4D, as well as FIGs. 3E and 4E). Generally,
the recess is significantly wider than the chip in only one
dimension (width), and the chip or substrate move side-
to-side to position two terminals disposed on opposite
sides of the chip under two parallel wire bridges. It is
within the scope of the invention that the terminals may
be arranged differently on the chip, and that both the
vertical and the horizontal dimensions of the recess can
be enlarged - for example, so that the chip or the substrate
can be moved in a first (such as horizontal) direction to
position a first terminal under a first one of the wire bridg-
es, and so that the chip or the substrate can be moved
in a second (such as vertical) direction to position a sec-
ond terminal under a second one of the wire bridges.
[0190] In order to interconnect a crossing wire ("wire
bridge") to a terminal area on the chip or chip module,
the substrate (or chip) is simply moved either right or left,
resulting in the crossing wire to be exactly over the ter-
minal area of a chip or chip module at each transponder
site in the array. The crossing wire can be first treated
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with ultraviolet laser to remove the insulation, before
bonding the section of un-insulated wire to the terminal
area. Having completed the interconnection of one side
of the cavity, the substrate is moved in the opposite di-
rection, so as to align the second crossing wire over the
terminal area of the chip or chip module at each trans-
ponder site in the array. Again, the wire insulation can
be removed by laser and the un-insulated section of the
wire is bonded to a terminal area.

[0191] As the substrate has index holes to fix its’ posi-
tion on the work plate, pins passing through the index
holes can be moved to shift the substrate in either direc-
tion, so as to align the wire ends of the antenna over a
terminal area of a chip or chip module.

[0192] A vision system (not shown) may be needed to
ensure accurate positioning during relative movement of
the chip.

[0193] Regarding thermode ageing, it should be un-
derstood that the conventional method to interconnect
the wire ends of an antenna to the terminal areas of a
chip module is by means of thermal compression bond-
ing. The method makes use of heat by passing pulses
of electric current through a thermode and simultaneous-
ly applying pressure to cause a diffusion process be-
tween the wire and the lead frame of the chip module.
The main disadvantages of thermal compression bond-
ing are the ageing of the thermode which requires regular
replacement and residues of wire insulation remaining
underneath the bonded wire which affects the long term
reliability of the interconnection.

[0194] This thermode ageing problem can be exacer-
bated if the chip is not held securely in place, on a rigid
work surface. The approach described hereinabove, with
respect to FIGS. 4A-4E, provide an opportunity to keep
the chip in a fixed position, while causing the aforemen-
tioned relative motion between the chip and the wire
bridges to bring the terminals of the chip into position for
bonding thereto.

[0195] Normally (such as may be exemplified by FIGs
14 and 15 of US 6,698,089), the chip is mounted into the
recess first and then the wire is embedded in the sub-
strate. The wires cross over the terminal areas of the chip
and thus lie above the terminals. This means that the
chip is supported by an underlying substrate. This can
cause problems, as follows. Since the chip is supported
by the underlying substrate (synthetic material) which is
elastic, its surface is not ideal for the bonding process.
[0196] For a reliable interconnection and to prevent
rapid ageing of the thermode during thermal compression
bonding, the surface should be hard like ceramic. There-
fore, the current technique of placing the chip in a recess
before embedding or placing the chip from below is not
conducive for a reliable interconnection in the next stage
of the process. The number of bonds which can be
achieved using the traditional method is 5,000, whereas
with a ceramic plate (heated hot plate), the thermode can
withstand 20,000 bonds.
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Repositioning the Chip Relative to the Wire Bridges

[0197] The transponder illustrated in FIGs. 1A-1C
comprises:

a generally planar substrate which may be a multi-
layer substrate, having a recess extending at least
partway through the substrate, from a front surface
thereof to the back surface thereof,

an antenna mounted to the front surface of the sub-
strate, and the two end portions of the antenna span-
ning the recess, as "wire bridges"; and

a transponder chip (or module) disposed in the re-
cess.

[0198] Some limitations of the arrangement illustrated
in FIGS. 1A - 1C may include:

(i) if it desired that the antenna be mounted to the
substrate before the transponder chip is installed,
since the wire bridges are parallel, and are spaced
a distance "s1" apart which is less than smaller of
the two dimensions "w1" and "h1" of the transponder
chip, the recess must extend entirely through the
substrate and the transponder chip must be installed
from the bottom of the substrate; else

(ii) if it desired that the recess does not extend all
the way through the substrate, due to the wire bridge
spacing, the transponder chip must first be disposed
in the recess before the antenna wire is mounted to
the substrate.

[0199] An alternative to the problem set forth in (ii)
would be to somehow mount the antenna wire to the front
side of the substrate with the end portions of the antenna
wire positioned out of the way, then install the transpond-
er chip in the recess from the front side of the substrate,
then reposition (manipulate) the end portions of the an-
tenna wire to be over the terminals of the antenna chip,
for bonding thereto. However, it is believed that manip-
ulating the wires to be in position over the terminals may
have other problems associated therewith, which are
sought to be avoided by the present invention.

[0200] FIGS. 5A-5D illustrate an embodiment of the
invention, wherein the substrate has a recess or cavity
to accommodate a rectangular chip module and the end
portions of the antenna wire pass over (span, bridge) the
cavity. The antenna is mounted to the front (top) side
(surface) of the substrate, and the chip can be inserted
into a recess extending only partway through the sub-
strate from the front surface thereof, after the antenna is
mounted to the front surface of the substrate. Or, the chip
canbeinserted into a cavity extending all the way through
the substrate, from the opposite back (bottom) side (sur-
face) of the substrate.

[0201] Inthis embodiment, rather thanthe end portions
of the wire passing directly over the terminals of the trans-
ponder chip, the end portions of the antenna wire are
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located adjacent to (next to, rather than directly over) the
terminal areas of the chip, and thus form a wire bridge
on each side of the chip. The chip module may be posi-
tioned in the cavity with the end portions of the antenna
wire already stretching over (passing over, spanning,
bridging) the cavity (or recess) and mounted to (embed-
ded in or adhesively placed onto) the surface of the sub-
strate.

[0202] Generally, as used herein describing embodi-
ments of the invention, the "transponder chip" is an elec-
tronic component comprising (having at least) two termi-
nals, which may be a single chip, or a module comprising
(having at least) a chip. Generally, the two terminals of
the chip or module are interconnected with correspond-
ing two end portions of the antenna wire which is mounted
to a top surface of a substrate, which may be a multilayer
substrate.

[0203] Generally, as used herein describing embodi-
ments of the invention, the transponder chip is disposed
in a "recess" or "cavity" which is an opening extending
atleast partially through the substrate. A "window"is gen-
erally an opening that may extend fully through the sub-
strate. A "slot" is another opening (or hole) extending
through the substrate next to a recess, cavity or window.
In some embodiments, any of recess, cavity, window, or
slot (and combinations thereof) may be used, and when
the term "recess" is used, it should be understood to in-
clude all the variations and combinations, as may be ap-
propriate from the context.

[0204] Asusedherein,a"recess"is generally (and usu-
ally) an opening extending only partially through a (typi-
cally) multilayer substrate (the recess may extend com-
pletely through top layers only), as may be exemplified
by the recess 106 (FIG. 1B). The term "cavity" may be
used interchangeably with "recess". A "window" is gen-
erally (and usually) an opening extending completely
through a substrate (whether or not multilayer), as may
be exemplified by the opening 56 in FIG. 6 of US
6,698,089.

[0205] An advantage of various embodiments of the
invention disclosed herein, particularly those that involve
mounting the antenna wire before installing the trans-
ponder chip, is that this facilitates removal of insulation
(coating) from the antenna wire at the end portions of the
wire (wire bridges) where bonding to the terminals of the
transponder chip (or chip module) will occur. Various
problems which may thus be avoided or minimized may
include damaging the chip, unwanted reflections from
the chip, accessibility to perform the insulation removal
process, inspectability of the insulation removal process,
etc.

[0206] This embodiment of the invention involves pro-
viding an enlarged (oversized) recess (cavity, window)
to accept the chip, and creating "wire bridges" spanning
the oversized cavity, the wires being spaced sufficiently
apart that a chip may be installed between the wire bridg-
es, into the recess. The substrate may be a multi-layer
substrate.
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[0207] Generally, the two wire bridges (end portions of
the antenna wire spanning the recess) are spaced farther
apart than the width of the chip, so that the chip can be
inserted into the recess from the same (top) side of the
substrate, past the two wire end portions of the antenna
which are bridging (extending across) the recess, after
then antenna has been mounted to the substrate.
[0208] The recess is sufficiently larger than the chip,
so that the chip can be repositioned (moved about) within
the recess, such that the terminals of the chip can be re-
located to be directly under the wire bridges, for bonding
the wire bridges to the terminals. The chip may be moved
/ repositioned within the recess with a suitable chip ma-
nipulating tool, such as a conventional pipette, (not
shown).

[0209] According to a feature of the invention, after
mounting the antenna wire so that the end portions form
wire bridges over the recess, insulation may be removed
from the wire in preparation for bonding to the terminals
of the chip, prior to installing the chip in the recess. Insu-
lation removal may be done with a UV laser, not shown.
[0210] According to another feature of the invention,
after mounting the antenna wire so that the end portions
form wire bridges over the recess, the wire may be flat-
tened to enhance subsequent bonding to the terminals
of the chip.

[0211] FIGs. 5A - 5D illustrate a transponder site 502
(compare 102) on a substrate 504 (compare 104) which
may be a portion of an overall inlay sheet 500 (compare
100), whereby an oversized recess 506 (compare 106,
which is not an "oversize" recess) is provided for a trans-
ponder chip 508 (or chip module, compare 108). The
transponder chip 508 may be disposed in the recess 506
after the antenna wire 510 (compare 110) is mounted
(embedded in or adhesively place on) the substrate 504.
[0212] The chip 508, has two terminals 508a and 508b,
and may be rectangular, having a height dimension "h9"
and a width dimension "w9". The rectangular chip 508
also has a diagonal dimension "d9". The chip 508 may,
for example, be a chip module measuring measure h9 =
4.0mm by w9 = 6.0mm, and the diagonal dimension d9
=7.2mm. The height dimension h9 is horizontally orient-
ed in FIG. 5A, and is vertically oriented in FIG. 5B. For
purposes of this discussion, the height dimension is less
than the width dimension (the height dimension is the
smaller of the two rectangular dimensions).

[0213] The recess 506 is circular having a diameter
"d10". The diameterd10 of the recess may be only slightly
larger, such as 0.1mm -0.3mm greater, than the diagonal
dimension d9 of the chip, such as 7.3mm - 7.5mm.
[0214] In FIGs. 5A and 5C, the chip 508 is shown in
its initial position in the recess 506, as it may have been
installed, between the wire bridges 520a and 520b. Note
that the end portions 510a and 510b of the antenna wire
510 do not pass directly over respective terminals 508a
and 508b of the chip 508. Rather, the two end portions
510a and 510b of the antenna wire, which may be re-
ferred to as "wire bridges", span (bridge, pass over) the



41 EP 2 070 017 B2 42

recess 506, and are spaced apart from one another a
distance (s8) which is greater than the height (h9, smaller
of the two rectangular dimensions) of the chip 508, so
that the chip 508 can be inserted (installed) into the re-
cess 506 from the same side of the substrate as the an-
tenna, past the end portions of the wires, after the anten-
na 510 has been mounted (embedded in or adhesively
placed on) to the substrate 504. Subsequently, as de-
scribed in greater detail hereinbelow, the chip 508 is
moved (re-positioned, manipulated) so that its terminals
508a and 508b are under respective ones of the end
portions 510aand 510b ofthe antenna wire 510, for bond-
ing thereto.

[0215] The dashed lines extending from the top (as
viewed) of the end portion 510a and the bottom (as
viewed) of the end portion 510b indicate that the antenna
wire 510 continues, forming the antenna coil (see FIG.
1A). The dots at the bottom (as viewed) of the end portion
510a and the top (as viewed) of the end portion 510b
indicate that the wire ends (stops, does not continue).
Depending on antenna configuration, the end portions
510a and 510b could approach the recess from the same
side, rather than from opposite sides of the recess.
[0216] FIGs. 5A and 5C shows the end portions 510a
and 510b of the antenna wire 510 bridging (spanning)
the recess 506 near the outer edges thereof, as free-
standing loops 520a and 520b. The end portions 510a
and 510b of the antenna wire 510 may be spaced (for
example) 0.5mm inward from the respective left and right
"side" edges of the cavity 506, in which case the distance
s4 between the two wire bridges would be 6.5mm (7.5mm
- 0.5mm - 0.5mm). Slots 507a and 507b (compare 207a
and 207b) are provided on opposite sides of the recess
506, under the bridge loops 520a and 520b, to facilitate
laser removal of wire insulation.

[0217] In FIGS. 5A and 5C, the chip module 508 is
illustrated inserted into the cavity, with its narrower height
dimension disposed in a horizontal orientation.

[0218] In FIGs. 5B and 5D, the chip module 508 is
illustrated as having been rotated (see arrow 518) 90
degrees within the recess 506, so that its larger width
dimension is disposed in a horizontal direction. This
brings the terminals 508a and 508b into alignment with,
substantially directly below corresponding ones of the
end portions 510a and 510b of the antenna wire 510, for
bonding thereto. The end portions 510a and 510b of the
wire 510 may be bonded to the terminals 508a and 508b
using any suitable conventional means for bonding (not
shown in this figure, see 118 in FIG. 1B).

[0219] As a general proposition, a chip is usually
square or rectangular, and a chip module can be virtually
any shape, including circular. However, as can be seen
in this embodiment, the chip (or module) should be larger
in one dimension (such as width) than in another orthog-
onal dimension (such as height), so that (i) it is narrow
enough to be inserted between the wire bridges and (ii)
when it is rotated 90 degrees, the terminals are reposi-
tioned under the wire bridges for being bonded thereto.
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The rectangular chip (or chip module) 508 illustrated
herein is but one example of various chip (or module)
shapes that could be used in conjunction with the tech-
niques disclosed herein.

[0220] This movement of the chip imparts a relative
motion between the chip 508 and the substrate 504,
hence between the chip 508 and the end portions 510a
and 510b of the wire 510 mounted to the substrate 504,
without actually moving the end portions 510a and 510b
of the wire 510.

[0221] This movement (518) of the chip imparts a rel-
ative motion between the chip and the substrate, hence
between the chip and the end portions of the wire mount-
ed to the substrate.

[0222] In FIG. 5A it can be observed that the two end
portions of the antenna wire are spaced a distance (s8)
apart which is greater than at least one of the cross di-
mensions (h9) of the transponder chip; and in FIG. 5B it
can be observed that the distance between the two end
portions of the antenna wire is substantially equal to a
spacing between the terminals of the transponder chip.
[0223] In use, a transponder site commences with the
wire conductor being mounted into or onto the substrate
over a short distance, then drawing the wire conductor
over the recess to form a first wire bridge, continuing
mounting the wire conductor into or onto the substrate in
forming an antenna, then drawing the wire conductor
over the cavity on the opposite side of the recess to create
a second wire bridge and finally mounting the wire con-
ductor into or onto the substrate over a short distance
before cutting the wire.

[0224] Generally, thetwo wire bridges are substantially
parallel with one another, and on opposite sides of the
recess. With the circular recess shown herein, the wire
bridges form parallel "chords" of the circle, both of which
are spaced a significant distance (more than 50% of the
radius "r") from the center of the circle. However, it is
within the scope of the invention that the two wire bridges
span the recess so that they are both on the same side
of the recess and/or are not parallel with one another. It
is also within the scope of the invention that the recess
is other than circular, such as rectangular. Itis also within
the scope of the invention that the chip (or chip module)
is other than rectangular, such as circular. (It is noted
semiconductor dies are usually rectangular, including
square, as a result of the conventional dicing process.)
[0225] The chip 508 may be positioned into the recess
506 from above using a conventional pick & place system
(not shown).

[0226] A conventional suction pipette (not shown) may
be used to rotate the chip (from its position shown in FIG.
5A to its position shown in FIG. 5B). A vision system (not
shown) may be needed to ensure accurate positioning
during relative movement of the chip.

[0227] With the situation described herein, both termi-
nals 508a and 508b are simultaneously brought into po-
sition under the corresponding wire bridges 510a and
510b. Then, the wire bridges 510a and 510b are bonded
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to the corresponding terminals 508a and 508b of the chip.
[0228] An advantage of this embodiment is that the
wire bridges 510a and 510b need not be disturbed prior
to bonding. With 112.m (diameter) wire, pulling the wire
from one position to another is not much of a problem,
60.m wire is also no much of a problem, but with 30pum
wire, it is generally best to leave the wire alone once itis
mounted.

Repositioning the Wire Bridges (FIGs. 6A-6D)

[0229] As mentioned above, the wire bridges can be
initially positioned, spaced sufficiently apart from one an-
other, that the chip (or chip module) can be inserted in
to the recess after the wire bridges are in place. In the
FIG. 5 embodiment, the chip is then rotated to position
the terminals under the wire bridges for bonding. The
possibility of initially disposing the wire bridges wider than
the chip, then repositioning the wires (rather than the
chip) to align the wire bridges over the chip terminals is
now discussed.

[0230] FIGs. 6A - 6D illustrate a transponder site 602
(compare 102, 202) on a substrate 604 (compare 104,
204) which may be a portion of an overall inlay sheet 600
(compare 100, 200), whereby an oversized recess 606
(compare 106 which is not oversize, and 206 which is
oversize) is provided for a transponder chip 608 (or chip
module, compare 108, 208). The transponder chip 608
may be disposed in the recess 606 after the antenna wire
610 (compare 110, 210) is mounted (embedded in or
adhesively place on) the substrate 604.

[0231] The chip 608, hastwo terminals 608a and 608b,
and may be rectangular, having a heightdimension "h11"
and a width dimension "w11". (The rectangular chip 608
also has a diagonal dimension "d11") The chip 608 may,
for example, be a chip module measuring measure h11
= 4.0mm by w7 = 6.0mm (and the diagonal dimension
d11 =7.2mm).

[0232] The recess 606 is generally circular having a
diameter "d12" (diameter notdrawn). The diameter "d12"
of the recess may be only slightly larger, such as 0.1mm
- 0.3mm greater, than the diagonal dimension "d11" of
the chip, such as 7.3mm - 7.5mm.

[0233] The dashed lines extending from the top (as
viewed) of the end portion 610a and the bottom (as
viewed) of the end portion 610b indicate that the antenna
wire 610 continues, forming the antenna coil (see FIG.
1A). The dots at the bottom (as viewed) of the end portion
610a and the top (as viewed) of the end portion 610b
indicate that the wire ends (stops, does not continue).
Depending on antenna configuration, the end portions
610a and 610b could approach the recess from the same
side, rather than from opposite sides of the recess.
[0234] The end portions 610a and 610b of the antenna
wire 610 which span the recess 606, referred to as "wire
bridges", are generally parallel with one another, are
spaced a distance "s9" apart from one another, and are
disposed on opposite sides of the recess.
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[0235] The chip 608 is disposed in the recess 606 at
a slight angle "a" to horizontal. The angle "a" is suitably
approximately 20-30 degrees.

[0236] The distance "s9" is slightly greater than the
width dimension "w11" of the chip, so that the chip may
be inserted (installed) between the wire bridges 610aand
610b, into the recess 606, from the same side of the
substrate 604 as the antenna wire 610 is mounted to, but
need not be so large as the diagonal dimension "d11" of
the chip 608. For a rectangular chip 608 having the ex-
emplary dimensions set forth above (w7 = 6.0mm), the
distance "s9" may be 6.5 - 7.0 mm, for example.

[0237] In FIGS. 6A and 6C, the chip 608 is shown in
its initial position in the recess 606, as it may have been
installed, between the wire bridges 610a and 610b. Note
that the end portions 610a and 610b of the antenna wire
610 do not pass directly over respective terminals 608a
and 608b of the chip 608. Rather, the two end portions
610a and 610b of the antenna wire, which may be re-
ferred to as "wire bridges", span (bridge, pass over) the
recess 606, and are spaced apart from one another a
distance (s9) which is sufficient that the chip (or chip mod-
ule) 608 may be inserted into the recess 606 from the
same side of the substrate 604 as the antenna 610, past
the end portions of the wires, after the antenna 610 has
been mounted (embedded in or adhesively placed on)
to the substrate 604. Subsequently, as described in
greater detail hereinbelow, the wire bridges 610a and
610b are re-positioned so as to be substantially directly
over respective terminals 608a and 608b of the chip 608,
for bonding thereto.

[0238] A tool 630 may used to reposition the wire bridg-
es 610aand 610b. The tool 630 is represented somewhat
schematically in FIG. 6C. The tool 630 comprises two
pins 632a and 632b spaced a distance slightly greater
than "s9" apart from one another (best viewed in FIG.
6A), and may be linked to one another by a bar 634,
extending from an axle 636. The axle 636 can be mount-
ed to a mechanism (not shown) for rotating (rotationally
positioning) the tool 630.

[0239] Inuse, the tool 630 is initially positioned so that
the pins 632a and 632b are substantially perpendicular
(or "normal") to the surface of the substrate and are lo-
cated just outside of the wire bridges 610a and 610b,
respectively. In FIG. 6A, this initial position of the tool is
indicated by the pins 632a and 632b being shown in solid
lines. In FIG. 6B, this initial position of the tool is indicated
by the pins 632a and 632b being shown in dashed lines.
[0240] To reposition the wire bridges 610a and 610b,
the tool isrotated, such as 30 - 60 degrees, which deflects
portions of the wire bridges 610a and 610b inward (closer
to one another) so that these portions of the wire bridges
610a and 610b are substantially directly over the termi-
nals 608a and 608b of the chip (or chip module) 608,
respectively. In FIG. 6B, this rotated position of the tool
is indicated by the pins 632a and 632b being shown in
solid lines. In FIG. 6A, this rotated position of the tool is
indicated by the pins 632a and 632b being shown in
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dashed lines.

[0241] FIG. 6C shows the tool 630 in its initial position,
where it can be noted that the wire bridges 610a and
610b are not substantially directly over the terminals
608a and 608b of the chip (or chip module) 608, respec-
tively.

[0242] FIG. 6D shows the result of rotating the tool
(compare FIG. 6B), with the wire bridges 610a and 610b
having been repositioned to be in alignment with, sub-
stantially directly above the terminals 608a and 608b of
the chip (or chip module) 608, respectively, for bonding
thereto. The tool is omitted in this view for illustrative clar-
ity.

[0243] Once the wire bridges 610a and 610b have
been repositioned to be substantially directly over the
terminals 608a and 608b of the chip (or chip module)
608, respectively, the end portions 610a and 610b of the
wire 610 may be bonded to the terminals 608a and 608b
using any suitable conventional means for bonding (not
shown in this figure, see 118 in FIG. 1B). Additionally,
the insulation may previously have been removed from
the wire bridges and the wire bridges may previously
have been flattened to enhance bonding.

[0244] In FIG. 6A it can be observed that the two end
portions of the antenna wire are initially spaced a distance
(s9) apart which is greater than at least one of the cross
dimensions (w7) of the transponder chip; and in FIG. 6B
it can be observed that the end portions of the antenna
wire are repositioned so that the distance between the
two end portions of the antenna wire is substantially equal
to a spacing between the terminals of the transponder
chip, for bonding thereto.

[0245] A possible disadvantage of this example (as
contrasted with the "rotating the chip" embodiment de-
scribed hereinabove) is that the wire bridges 610a and
610b need to be manipulated, prior to bonding. With
112pum (diameter) wire, pulling the wire from one position
to another is not much of a problem, 60pm wire is also
no much of a problem, but with 30pum wire, it is generally
best to leave the wire alone once it is mounted.

Rotating the Chip under "Flat Loops" (FIGs. 7A-7G)

[0246] Methods have been described hereinabove
wherein the end portions of the wire are pre-positioned
andformed as free-standing loops which are wire bridges
(2204, 220b) or jump loops (270a, 270b) adjacent termi-
nal areas for the chip. The chip can be inserted onto the
substrate (or into a recess in the substrate) between the
free-standing loops, which can then be manipulated (re-
positioned) to be over terminals of the chip, for bonding
thereto. See, for example, FIGs. 2A-2B (wire bridges)
and FIG. 2C (jump loops).

[0247] A method has been described hereinabove
wherein the end portions of the wire are pre-positioned
andformed as free-standing loops which are wire bridges
(520a, 520b) spanning a recess and, after the chip is
disposed past the spaced-apart wire bridges, into the re-
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cess, the chip is rotated to position the terminals of the
chip under the end portions of the wire, for bonding there-
to. See, for example, FIGs. 5A-5D.

[0248] This embodiment may be considered to be a
"combination" of the "Looping Method" described with
respect to FIG. 2C (jump loops).and the "Rotating Chip
Method" as described with respect to FIGS. 5A-5D.
[0249] In this embodiment, generally, end portions of
the antenna wire span the recess in the substrate as wire
bridges which are "flat loops" having sufficient height and
length to allow ample room for a chip to be inserted ther-
ebetween, then rotated (such as 90 degrees) to position
the chip terminals under the flat loops. At this stage, the
chip may be, but need not be in the recess. Then the
rotated (re-positioned) chip is lowered into the recess
(and fits snugly therein), and the flat loops are urged
downwards (in the z-axis) onto the terminals of the chip
and bonded thereto. Prior to introducing the chip, insu-
lation may be removed from relevant portions of the flat
loops, as discussed above, including having slots to fa-
cilitate laser insulation removal.

[0250] FIGs. 7A - 7G illustrate an embodiment of the
invention, wherein the substrate has a recess or cavity
to accommodate a rectangular chip module and the end
portions of the antenna wire pass over (span, bridge) the
cavity. The antenna is mounted to the front (top) side
(surface) of the substrate, and the chip can be inserted
into a recess extending only partway through the sub-
strate from the front surface thereof, after the antenna is
mounted to the front surface of the substrate. Or, the chip
canbeinserted into a cavity extending all the way through
the substrate, from the opposite back (bottom) side (sur-
face) of the substrate.

[0251] Inthis embodiment, the end portions of the wire
are formed as flat loops passing substantially directly
over terminal areas whereat will be located terminals of
the transponder chip. This is in contrast to some other
embodiments wherein the end portions of the antenna
wire are located adjacent to (next to, rather than directly
over) the terminal areas of the chip. The transponder chip
(or module) may be positioned in the cavity with the end
portions of the antenna wire already stretching over
(passing over, spanning, bridging) the cavity (or recess)
and mounted to (embedded in or adhesively placed onto)
the surface of the substrate.

[0252] FIGS. 7A - 7G illustrate a transponder site 702
(compare 502) on a substrate 504 (compare 104) which
may be a portion of an overall inlay sheet 700 (compare
100), whereby a recess 706 (compare 506, which is an
"oversize" recess) is provided for a transponder chip 708
(or chip module, compare 508). The transponder chip
708 may be disposed in the recess 706 after the antenna
wire 710 (compare 510) is mounted (embedded in or ad-
hesively place on) the substrate 704.

[0253] The chip 708, has two terminals 708a and 708b,
and may be rectangular, having a height dimension "h12"
and a width dimension "w12". The chip 708 may, for ex-
ample, be a chip module measuring h12 = 5.0 mm by
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w12 = 8.0mm. The height dimension h12 is horizontally
oriented in FIG. 7A, and is vertically oriented in FIG. 7B.
For purposes of this discussion, the height dimension is
less than the width dimension (the height dimension is
the smaller of the two rectangular dimensions).

[0254] The recess 706 may be rectangular, having a
height dimension "h13" and a width dimension "w13",
each of which may be only slightly larger, such as 0.1mm
-0.3mm greater, than the height and width dimensions
"h12" and "w12" of the chip 708, such as 5.1 and 8.1 mm,
respectively.

[0255] In FIGs. 7A and 7D, the chip 708 is shown in
its initial position, above the recess 706, as it may have
been installed, between the wire bridges 710a and 710b.
Note thatin this initial position, the end portions 710a and
710b of the antenna wire 710 do not pass directly over
respective terminals 708a and 708b of the chip 708. Rath-
er, the two end portions 710a and 710b of the antenna
wire, which may be referred to as "flat loops", span
(bridge, pass over) the recess 706, and are spaced apart
from one another a distance (s10) which is greater than
the height (h12, smaller of the two rectangular dimen-
sions) of the chip 708, so that the chip 708 can be inserted
(installed) into the recess 706 from the same side of the
substrate as the antenna, past the end portions of the
wires, after the antenna 710 has been mounted (embed-
ded in or adhesively placed on) to the substrate 704.
Subsequently, as described in greater detail hereinbe-
low, the chip 708 is moved (re-positioned, manipulated)
so that its terminals 708a and 708b are under respective
ones of the flat loop 720a and 720b end portions 710a
and 710b of the antenna wire 710, for bonding thereto.

[0256] InFIGs.7A and 7B, the dashed lines extending
from the top (as viewed) of the end portion 710a and the
bottom (as viewed) of the end portion 710b indicate that
the antenna wire 710 continues, forming the antenna coll
(see FIG. 1A). The dots at the bottom (as viewed) of the
end portion 710a and the top (as viewed) of the end por-
tion 710b indicate that the wire ends (stops, does not
continue). Depending on antenna configuration, the end
portions 710a and 710b could approach the recess from
the same side, rather than from opposite sides of the
recess.

[0257] FIGs. 7A and 7D shows the end portions 710a
and 710b of the antenna wire 710 bridging (spanning)
the recess 706 within the outer edges thereof, as free-
standing loops (flat loops) 720a and 720b. The end por-
tions 710a and 710b of the antenna wire 710 may be
spaced (for example) 0.5mm inward from the respective
leftand right "side" edges of the cavity 706, in which case
the distance s10 between the two flat loops would be
7.1mm (8.1mm - 0.5mm - 0.5mm). Slots 707a and 707b
(compare 207aand 207b) are provided on opposite sides
of the recess 706, under the flat loops 720a and 720b,
to facilitate laser removal of wire insulation.

[0258] In FIGs. 7A and 7D, the chip module 708 is
illustrated inserted between the flat loops, above the re-
cess, into the cavity, with its narrower height dimension
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"h12" disposed in a horizontal orientation.

[0259] In FIGs. 7B and 7E, the chip module 708 is il-
lustrated as having been rotated (see arrow 718) 90 de-
grees, still above the recess 706, so that its larger width
dimension is disposed in a horizontal direction. This
brings the terminals 708a and 708b into alignment with,
substantially directly below corresponding ones of the
flat loop 720a and 720b end portions 710a and 710b of
the antenna wire 710, for bonding thereto. The end por-
tions 710a and 710b of the wire 710 may be bonded to
the terminals 708a and 708b using any suitable conven-
tional means for bonding (not shown in this figure, see
118 in FIG. 1B). Generally, the end portions 720a and
720b of the antenna wire 710, are sized and shaped to
permit the transponder chip 708 to be rotated underneath
them.

[0260] As a general proposition, a chip is usually
square or rectangular, and a chip module can be virtually
any shape, including circular. However, as can be seen
in this embodiment, the chip (or module) should be larger
in one dimension (such as width) than in another orthog-
onal dimension (such as height), so that (i) it is narrow
enough to be inserted between the wire bridges and (ii)
when it is rotated 90 degrees, the terminals are reposi-
tioned under the wire bridges for being bonded thereto.
The rectangular chip (or chip module) 708 illustrated
herein is but one example of various chip (or module)
shapes that could be used in conjunction with the tech-
niques disclosed herein.

[0261] This movement of the chip imparts a relative
motion between the chip 708 and the substrate 704,
hence between the chip 708 and the end portions 710a
and 710b of the wire 710 mounted to the substrate 704,
without actually moving the end portions 710a and 710b
of the wire 710.

[0262] In FIG. 7A it can be observed that the two end
portions of the antenna wire are spaced a distance (s10)
apart which is greater than at least one of the cross di-
mensions (h12) of the transponder chip; and in FIG. 7B
it can be observed that the distance between the two end
portions of the antenna wire is substantially equal to a
spacing between the terminals of the transponder chip.
[0263] In use, a transponder site commences with the
wire conductor being mounted into or onto the substrate
over a short distance, then drawing the wire conductor
over the recess to form afirst flat loop, continuing mount-
ing the wire conductorinto or onto the substrate in forming
an antenna, then drawing the wire conductor over the
cavity on the opposite side of the recess to create a sec-
ond flat loop, and finally mounting the wire conductor into
or onto the substrate over a short distance before cutting
the wire.

[0264] Generally, the two flat loops are substantially
parallel with one another, and on opposite sides of the
recess. However, it is within the scope of the invention
that the two flat loops span the recess so that they are
both onthe same side of the recess and/or are not parallel
with one another. It is also within the scope of the inven-
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tion that the recess is other than circular, such as rectan-
gular. It is also within the scope of the invention that the
chip (or chip module) is other than rectangular, such as
circular. (It is noted semiconductor dies are usually rec-
tangular, including square, as aresult of the conventional
dicing process.)

[0265] The chip 708 may be positioned between the
flat loops 720a and 720b, rotated, and subsequently low-
ered into the recess 706 from above using a conventional
pick & place system (not shown).

[0266] A conventional suction pipette (not shown) may
be used to rotate the chip (from its position shown in FIG.
7A to its position shown in FIG. 7B). A vision system (not
shown) may be needed to ensure accurate positioning
during relative movement of the chip.

[0267] With the situation described herein, both termi-
nals 508a and 508b are simultaneously brought into po-
sition under the corresponding flat loops 720a and 720b.
Then, the flat loops 720a and 720b are bonded to the
corresponding terminals 508a and 508b of the chip.
[0268] An advantage of this embodiment is that the
wire bridges 710a and 710b need not be disturbed prior
to bonding. With 112.m (diameter) wire, pulling the wire
from one position to another is not much of a problem,
60.m wire is also no much of a problem, but with 30pum
wire, it is generally best to leave the wire alone once itis
mounted.

[0269] In FIG. 7A the end portions 710a and 710b of
the antenna wire 710 are shown passing over the recess
706 and transponder chip 708 disposed between the
spaced-apart flat loops 720a and 720b, according to an
embodiment of the invention. In FIG. 7D it can be seen
that in this initial position of the transponder chip 708, the
transponder chip 708 is not in the recess. Rather, the
transponder chip 708 is located just above the surface
of the substrate 704, above the recess 706.

[0270] The flat loops 720a and 720b are non-planar
portions of the wire, having a height "z5" above the sur-
face of the substrate. The height "z5" should be greater
than the thickness "t5" of the transponder chip 708 so
that when the transponder chip 708 is rotated, it can fit
under the flat loops 720a and 720b without disturbing
them. For example, "z5" = 1.5mm, and "t5" = 1.0mm.
[0271] In FIG. 7B, the transponder chip 708 has been
rotated, such as 90 degrees, so that the terminals 708a
and 708b of the transponder chip 708 are located sub-
stantially directly under corresponding ones of the flat
loops 720a and 720b. In FIG. 7E, it can be seen that the
transponder chip 708 is stilllocated just above the surface
of the substrate 704, above the recess 706. The longitu-
dinal extent of a flat loops ("P") should also be sufficient
to allow the transponder chip 708 to rotate under the flat
loops 720a and 720b without disturbing them.

[0272] FIG. 7C shows, in dashed lines, the initial posi-
tion of the transponder chip 708 which fits between the
pre-positioned flat loops 720a and 720b, and shows in
solid lines the rotated position of hte transponder chip
708 with its terminals 708a and 708b substantially directly
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under corresponding ones of the flat loops 720a and
720b. In FIG. 7C, the loops 720a and 720b are shown
slightly offset from the corresponding terminals 708a and
708D, for illustrative clarity.

[0273] FIG. 7C (also FIG. 7A) shows a number of
points a,b,c,d,e,f,g,h which correspond to the points
a,b,c,d,e,f,g,h shown and described with respect to FIG.
2C, but the loops formed between the points b and ¢, and
f ang g are "flat loops" rather than "jump loops". In other
words, in a manner similar to that described hereinabove,
atapoint"a" on the surface of the substrate, commencing
mounting the antenna wire;

continuing to mount the antenna wire a short distance to
a point "b";

forming a first free-standing loop (which is a flat loop,
rather than a jump loop) in the wire, between the point
"b" and a point "c", directly over (rather than adjacent to)
a first terminal area for the transponder chip;

resuming embedding from the point "c" through points
"d" and "e", to a point "f";

forming a second free-standing loop (which is a flat loop,
rather than a jump loop) in the wire, between the point
"f* and a point "g", directly over (rather than adjacent to)
a second terminal area for the transponder chip; and
continuing to mount the antenna wire a short distance to
a point "h", and at the point "h", and severing the wire.
[0274] Generally, the jump loops 270a and 270b (of
FIG. 2C) must be sufficiently high so that when they are
folded over (see, for example, FIG. 8C), they will reach
the terminals to which they will be bonded. In this em-
bodiment, the flat loops 720a and 720b need only be high
enough for the transponder chip 708 to fit underneath
when it is rotated into position, at which point the flat
loops 720a and 720b are substantially directly over the
corresponding terminals 708a and 708b, spaced only
slightly (such as a fraction of a millimetre therefrom), for
bonding thereto. Also, the longitudinal extent (from "b"-
to-"c", and from "f"-to-"g") of the jump loops 270a and
270b may be small, in contrast to the longitudinal extent
(from "b"-to-"c", and from "f-to-"g") of the flat loops 720a
and 720b, which must allow for the corners of the rec-
tangular (e.g.) chip 708 to pass underneath the flat loops.
[0275] In FIG. 7F, the rotated transponder chip 708 is
shown dropped (lowered) into the recess 706 prior to
bonding the flat loops 720a and 720b to the terminals
708a and 708b of the transponder chip 708.

[0276] In FIG. 7G, the rotated transponder chip 708
has been installed in the recess 706, and a bonding tool
760 (compare 118) is shown bonding the flat loop 720a
to the terminal 708a (the bonded flat loop is labeled 720’
(prime)). rotated transponder chip 708 has been installed
intherecess 706. The flatloop 720b will likewise be bond-
ed to the terminal 708b, and its bonded position is shown
in dashed lines.

Tools (FIGs. 8A-8D)

[0277] Generally speaking, the present invention may
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be implemented using conventional tools. Some tools
have been described hereinabove. Die bonders (such as
Kulike and Soffa, Willow Grove, PA) use many of the
same tools and techniques, such as suction pipette, heat-
ed work plate, and the like. A suitable tool for mounting
the wire to the substrate is shownin US Patent 6,698,089,
and need not be discussed further herein. The use of a
laser for removing insulation from the wire bridges has
briefly been discussed. The use of a hook or gripper for
grabbing and repositioning the wire has been discussed.
[0278] FIG. 8A illustrates an exemplary technique for
removing insulation from end portions 810a and 810b of
an antenna wire 810 (compare 210, 260, 310, 410, 510,
610, 710), according to an aspect of the invention. A sub-
strate 804 (compare 204, 304, 404, 504, 604, 704) has
a recess 606 (compare 206, 256, 306, 406, 506, 706),
which may include slots (207a/b, such as 707a/b). End
portions 810a and 810b (compare 210a/b, 310a/b,
410a/b), are shown as "wire bridges", spanning the re-
cess 606 (or slots), by way of example only. The end
portions 610a and 610b of the antenna wire 610 may be
any of the free-standing loops described above, such as
jump loops (320a, 320b) or flat loops (720a, 720b).
[0279] Prior to installing a chip (not shown, see 208,
258,308, 408, 508, 608, 708) into the recess 806, a laser
811 (such as a UV laser) may be used to direct a beam
of light 813 at the end portions 810a and 810b of the
antenna wire 810, to remove insulating material (coating,
such as enamel) therefrom, which may enhance subse-
quent bonding to terminals of the chip, and improve ther-
mode ageing, as discussed hereinabove.

[0280] FIG. 8B illustrates a technique for repositioning
wire bridges, such as discussed hereinabove with re-
spect to FIGS. 2A-2B. A substrate 834 (compare 204)
has arecess 836 (compare 206) extending through upper
layers 834a (compare 104a) thereof, and slots 837a and
837b 836 (compare 207a and 207b) extending from op-
posite side edges of the recess 836 completely through
the substrate 834, including bottom layers 834b (com-
pare 104b) thereof. Wire bridges 840a and 840b (com-
pare 210a and 210b) extend across the slots 837a and
837b.

[0281] Afterinstalling a chip 838 (compare 208) in the
recess 836 (and after removing insulation from the wire
bridges) ahook 842 (gripper tool, or multiple gripper tools,
as described hereinabove) is used to grab the wire bridg-
es and move them over to be atop corresponding ones
of the terminals 838a and 838b of the chip 838.

[0282] InFIG. 8B, the hook 842 is shown getting ready
to grab the wire bridge 660b, then drag it over to its new
location (shown in dashed lines) atop the terminal 838b,
for bonding thereto, as indicated by the arrow 844. The
wire bridge 660a will be (or already is) similarly reposi-
tioned above the terminal 838a, for bonding thereto.
[0283] FIG. 8C shows a substrate 854 (compare 204,
304) with a recess 856 (compare 206, 306) having a
transponder chip 858 (compare 208, 308) disposed in
the recess 856. The transponder chip 858 has two ter-
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minal 858a and 858b (compare 208a/b, 308a/b). An an-
tenna wire 860 (compare 210, 310) is mounted to the
substrate 854. Two "jump loops" 860a and 860b (com-
pare 320a/b) are formed in end portions (not separately
designated, compare 310a, 310b) of the antenna wire
(not separately designated, compare 320).

[0284] The loop 860a is shown standing up, pre-posi-
tioned, free-standing, in a vertical plane, in preparation
for (prior to) being re-positioned to be atop the terminal
858a for connection (bonding) thereto. The loop 860b is
shown dashed lines prior to being re-positioned atop the
terminal 858b, and in solid lines re-positioned atop the
terminal 858b for connection (bonding) thereto.

[0285] A simple mechanical tool 862, such as elongate
member with a pushing end 864 may be urged against
the free-standing loop to push it over onto (above, it need
not be touching) the terminal of the substrate, as indicat-
ed by the arrow 866. The end 864 may be concave to
"capture" the wire.

[0286] Alternatively, a "hook" type tool could be used
to pull (rather than push) the wire to reposition it over the
terminal. A hook type tool is shown in FIG. 8B.

[0287] FIG.8D is across-sectional view of an inlay with
a chip with wire bridges passing over slots and being
flattened.

[0288] FIG. 8D illustrates a technique for shaping (flat-
tening) the wire, in preparation for bonding. A substrate
874 (compare 204) has a recess 876 (compare 206) ex-
tending through upper layers 874a (compare 104a)
thereof, and slots 877a and 877b (compare 220a and
220b) extending from opposite side edges of the recess
876 completely through the substrate 874, including bot-
tom layers 874b (compare 104b) thereof. End portions
880a and 880b (compare 210a and 210b) of an antenna
wire 880 (compare 210) extend as "wire bridges" across
the slots 877a and 877b.

[0289] Before installing a chip 878 (compare 208) in
the recess 876, a punch 890 is brought down on the wire
bridges 880a and 880b to flatten out the wire from its
initial circular cross-section to a flatter cross-section. To
facilitate this shaping, the substrate may be disposed on
a surface 892 functioning as an anvil, having raised por-
tions 894a and 894b which fit up into the slots 877a and
877b so that the wire does not break when shaping it.
[0290] This shaping (flattening) step can be done be-
fore or after the step of removing insulation from the wire
bridges. In this figure, the wire bridge 880a is shown as
having already been flattened, and the wire bridge 880b
is in the process of being flattened.

[0291] Generally speaking, the tools used to perform
the methods described herein are not new, rather they
are well known and readily available. Some tools have
been described hereinabove. Die bonders (such as Ku-
like and Soffa, Willow Grove, PA) use many of the same
tools and techniques, such as suction pipette, heated
work plate, and the like.
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Insulation Removal

[0292] Generally, insulated wire is preferred for the an-
tenna coil because, for example, the wire may need to
cross over itself (see "c", FIG. 1A). Although an insulated
wire can be bonded to a terminal of a chip (or module),
it is desirable to remove the insulation from the wire prior
to interconnection (bonding to the terminal of the trans-
ponder chip) to ensure that no insulation residue is under
the wire conductor at the bond site.

[0293] Conventionally, an insulated wire conductor
(such as 210 or 319) is bonded to the terminal (such as
208a/b or 308a/b) of a chip (such as 208 or 308) using
thermal (or thermo) compression bonding. This is a weld-
ing process in which the insulated wire conductor is bond-
ed to the terminal of a chip by passing a current through
a thermode, which holds the wire conductor under force
against the terminal area of the chip. Typically, the first
impulse of current removes the insulation, while the sec-
ond impulse results in the diffusion of the wire conductor
with the terminal area of the chip. To obtain a reasonable
deformation of the wire conductor during the bonding
process, a force between 1.8 and 2.5 Newton is required.
However, the insulation between the wire conductor and
the terminal of the chip may not have fully evaporated
during the thermal compression bonding process, result-
ing in an unreliable interconnection. This quality issue
may be resolved by removing the insulation before bond-
ing.

[0294] One way to remove insulation before bonding
would be to pass the wire conductor through a laser tun-
nel, before the wire conductor is mounted to the sub-
strate. The laser tunnel can be driven by glass fiber con-
nected to a multiplexing diode laser. The inner wall of the
tunnel can be coated with a reflective material. The po-
sition of the insulation removal can be defined and the
length of wire conductor which passes from the laser tun-
nel to the ultrasonic wire guide tool can be measured. By
using an un-insulated wire at the bond position the force
required for the diffusion process can be reduced, and
better controlled. A 70 watt diode laser (808 nm) con-
nected to a glass fiber (400 microns) can be used to re-
move a section of insulation layer (polyurethane) with a
thickness of 2 to 4 microns from a moving wire conductor
having a diameter of approximately 112 microns, by di-
recting the laser beam to the side of the wire conductor
under a gas atmospheric condition.

[0295] Alternatively, rather than removing insulation
from the wire prior to mounting, an insulated wire can be
mounted to the substrate, and the insulation from end
portions of the insulated wire bridging the recess can be
removed with a separate laser system. In such a case,
it may be convenient, but it is not necessary, that the
recess extends all the way through the substrate. In any
case, it is believed to be preferable that the insulation
(which may be used to help adhere the wire to the sub-
strate, and to prevent short-circuiting at cross-overs such
as "c" in FIG. 1A) is removed at portions (segments) of
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the end portions of the wire which will be bonded to the
terminals of the transponder chip. The insulation can also
be removed from loops (320a/b) which are pre-positioned
on the substrate, adjacent a recess. To facilitate insula-
tion removal, the recess (or slot extensions thereof, or
separate slots adjacent the recess) can extend under the
loops. Note that, in FIG. 2A, the slots 207a and 207b are
under the wire-bridges of the end portions 210a, 210b of
the wire 210 - in other words, under the portion of the
free-standing loops whereat the insulation is removed.
[0296] When using a laser to remove insulation (non-
conductive coating, typically enamel) from a wire con-
ductor, in order to facilitate the interconnection of an in-
sulated wire conductor to the terminal areas of an RFID
chip, the enamel coating on the wire can be dyed with a
dark color (such as black), to enhance absorption of the
laser beam, hence heating (and evaporation) of the coat-
ing. A bare wire can also be blackened (the enamel is
colored black) to increase the absorption of the laser
beam, such as when performing interconnection of the
wire to a terminal of a chip by laser welding. When using
a laser to remove insulation, the wires can be attached
to the terminals by conventional thermal compression
bonding, or by laser welding, soldering, etc.

A Manufacturing Flow

[0297] FIG. 9 illustrates a manufacturing flow 900,
showing a possible organization for the various manu-
facturing steps set forth hereinabove.

[0298] In afirst step 902, a substrate is prepared. The
substrate may have one or more (an array of) inlay sites.
The substrate may be a multi-layer substrate, as dis-
cussed above. A given inlay site may have a recess (cav-
ity, window) and may have slots, as described above.
Substrates may be prepared well ahead of time, "off-line".
[0299] Ina nextstep 904, and antenna wire is mounted
to (embedded in, adhesively placed on) the substrate,
as discussed above, leaving end portions of the wire un-
mounted, and forming pre-positioned bridges or loops
(jump loops, flat loops), according to any of the embod-
iments discussed hereinabove, all of which may be re-
ferred to as "free-standing loops".

[0300] Two mounting procedures have been dis-
cussed hereinabove - (1) embedding the wire in the sur-
face of the substrate, and (2) "adhesively positioning" a
self-bonding wire to the surface of the substrate.

[0301] In a next step 906, which can be skipped if the
wire is being embedded in rather than adhesively placed
on the substrate, the self-bonding wire may be cured to
the substrate, such as by using ultraviolet light, as dis-
cussed hereinabove.

[0302] In a next step 908, which can be skipped if the
wire is not insulated, the insulation is removed from the
looped (un-mounted) portions of the wire, as discussed
hereinabove. Ifthe wire is an insulated wire, the insulation
can beremoved either during mounting or aftermounting,
as discussed hereinabove.
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[0303] In the process flow illustrated here, in a next
step 910, the transponder chip is brought to the inlay
substrate after mounting the wire and pre-positioning the
end portions of the wire. In some embodiments (for ex-
ample, FIGs. 5A-5D), the transponder chip is installed in
the recess. In other embodiments (for example, FIGs.
7A-7TE), the chip is positioned above the recess in the
substrate to be rotated into position, under the free-stand-
ing loops. Again, it should be understood that the sub-
strate may be set up for a plurality of inlays, receiving a
plurality of transponder chips, such as a 3 x 6 array of
inlays.

[0304] Next, using one of the techniques described
hereinabove, the end portions of the antenna wire(s) are
repositioned over terminals of the transponder chip, or
the transponder chip is brought into position under the
end portions of the antenna wire(s), in preparation for
connecting (bonding) the ends of the antenna wire(s) to
the terminals of the chip, as discussed hereinabove. This
is shown by steps 912a - 912f. Steps 912a and 912¢ are
not embodiments of the invention.

[0305] The antenna may be a single wire coil having
two ends, or may be two wires forming a dipole, each of
the dipole wires having one end for connecting to a ter-
minal of the transponder chip, as discussed above.
[0306] In the step 912a, the wire bridges (which are
"free-standing loops") are re-positioned to be over the
terminals of the chip, and the wires are bonded to the
terminals, such as described hereinabove with respect
to FIGs. 2A-2B.

[0307] In the step 912b, the chip is moved from side-
to-side to position its terminals under the corresponding
wire bridges (which are "free-standing loops"), and the
wires are bonded to the terminals, such as described
hereinabove with respect to FIGs. 3A-3E.

[0308] In the step 912c, the substrate is moved from
side-to-side to position the chip’s terminals under the cor-
responding wire bridges (which are "free-standing
loops"), and the wires are bonded to the terminals, such
as described hereinabove with respect to FIGs. 4A-4E.
[0309] In the step 912d, the chip is rotated within a
recess to position its terminals under the corresponding
wire bridges (which are "free-standing loops"), and the
wires bridges are bonded to the terminals, such as de-
scribed hereinabove with respect to FIGs. 5A-5D.
[0310] In the step 912e, the wire bridges (which are
"free-standing loops") are re-positioned to be over the
terminals of the chip, and the wires are bonded to the
terminals, such as described hereinabove with respect
to FIGs. 6A-6D.

[0311] In the step 912f, the chip is rotated under the
"free-standing loops", which are flat loops, to position its
terminals under the corresponding flat loops, and the flat
loops are bonded to the terminals, such as described
hereinabove with respect to FIGs. 7A-7G

[0312] Nextin a step 914, the "free-standing loops" of
the antenna(s), now positioned over corresponding ter-
minals of the transponder chip, are connected (bonded)
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to the terminals of the transponder chip.

[0313] Next, in a step 916, various post-processing
steps may be performed, such as assembling the trans-
ponder inlay with additional layers of sheets in prepara-
tion for lamination

[0314] Inastep 918, if there are a plurality of inlays on
acommon substrate, they may be singulated (separated)
from the substrate.

[0315] Inastep 920, various post-processing steps ap-
plicable to individual secure inlays may be performed.
[0316] Generally, each of the steps discussed herein-
above may be performed at a different station, or stations,
in a manufacturing environment. This has various advan-
tages, such as improved yields from the manufacturing
process and greater throughput from the embedding ma-
chine with fewer operators.

[0317] One of ordinary skill in the art will readily under-
stand how this, or other steps recited in this "fab flow"
may be rearranged, recombined and/or omitted to suit
particular circumstances, based on the teachings set
forth herein.

[0318] The techniques set forth herein can be used for
winding a coil according to the radial or flyer priniciple",
such as a moving coil of a loudspeaker unit that is inte-
grally connected to a vibrating diaphragm, or a coil on a
ferrite core, and making connections thereto. The tech-
niques set forth herein can be used for optical fiber in-
stead of wire, and the connection techniques described
above could be used to connect with optical sensors.
[0319] While the invention has been described with re-
spect to a limited number of embodiments, these should
not be construed as limitations on the scope of the in-
vention, but rather as examples of some of the embodi-
ments. Those skilled in the art may envision other pos-
sible variations, modifications, and implementations that
are also within the scope of the claims.

Claims

1. Method of connecting an antenna wire (310, 410,
510, 710) to a chip (308, 408, 508, 708) which is an
RFID or transponder chip, die or chip module having
terminals on a top surface thereof, comprising
mounting the antenna wire to a surface of a substrate
(304, 404, 504, 704), characterized by:

leaving end portions (310a/b, 410a/b, 510a/b,
710a/b) of the antenna wire unmounted as pre-
positioned bridges or loops adjacent a trans-
ponder site on the substrate, and spaced farther
apart than a width dimension of the chip, so that
the chip can be installed at the transponder site
past the two wire end portions of the antenna
wire;

installing the chip at the transponder site from
the same side of the substrate as the antenna;
with the chip installed at the transponder site,



57

imparting at least one relative motion between
the chip and the substrate to position at least
one of the end portions of the antenna wire over
a corresponding one of two terminals (308a/b,
408a/b, 508a/b, 708a/b) of the chip for bonding
thereto,

and bonding the at least one end portion of the
wire to a terminal of the chip.

The method of claim 1, wherein:

the chip is installed at the transponder site after
the antenna wire is mounted to the substrate.

The method of claim 1, wherein:

the chip is installed at the transponder site be-
fore the antenna wire is mounted to the sub-
strate.

The method of claim 1, wherein:

the transponder site comprises a recess (306,
406, 506, 706) extending at least partially
through the substrate.

The method of claim 4, wherein:
the chip is installed in the recess.
The method of claim 4, wherein:

the end portions of the antenna wire span the
recess.

The method of claim 4, wherein:

the recess has a width dimension which is sig-
nificantly greater than the width dimension of the
chip, including atleast 20% greater, atleast 25%
greater, atleast 30% greater, atleast 40% great-
er, at least 50% greater, at least 60% greater.

The method of claim 1, further comprising:

after bonding the first end portion of the antenna
wire to the first terminal of the chip, imparting a
further relative motion between the chip and the
substrate to position the other end portion of the
antenna wire over the other one of two terminals
of the chip for bonding thereto, and bonding the
other end portion of the antenna wire to the other
terminal of the chip.

9. The method of claim 8, wherein:

the at least one relative motion and the further
relative motion are side-to-side.
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The method of claim 8, wherein:

the relative motions are imparted either by mov-
ing the chip while the substrate remains station-
ary or moving the substrate while the chip re-
mains stationary.

The method of claim 1, wherein the at least one rel-
ative motion comprises:

rotating the chip to bring the terminals (508a/b,
708a/b) into alignment with and substantially di-
rectly below corresponding ones of the end por-
tions (510a/b, 710a/b) of the antenna wire (510),
for bonding thereto.

The method of any of the preceding claims, further
comprising:

removing insulation from the end portions of the
antenna wire prior to bonding.

The method of claim 12, further comprising:

providing slots in the substrate, under portions
of the end portions of the antenna wire whereat
the insulation is removed.

The method of any of the preceding claims, wherein
mounting the antenna wire comprises:

embedding the antenna wire in the surface of
the substrate or adhesively placing the antenna
wire on the surface of the substrate.

The method of any of the preceding claims, wherein
the substrate is a multi-layer substrate.

Patentanspriiche

1.

Verfahren zum Verbinden eines Antennendrahts
(310, 410, 510, 710) mit einem Chip (308, 408, 508,
708), der ein RFID oder Transponderchip, Halblei-
terplattchen oder Chipmodul mit Anschllissen auf ei-
ner oberen Flache davon ist, wobei das Verfahren
das Montieren des Antennendrahts auf einer Ober-
flache eines Substrats (304, 404, 504, 704) umfasst,
dadurch gekennzeichnet, dass:

Endbereiche (310a/b, 410a/b, 510a/b, 710a/b)
des Antennendrahts unmontiert als vorpositio-
nierte Briicken oder Schleifen benachbart zu ei-
nem Transponderort auf dem Substrat und wei-
ter voneinander beabstandet als eine Gro-
Renabmessung des Chips belassen werden,
sodass der Chipam Transponderortandenzwei
Drahtendbereichen des Antennendrahts vorbei



59 EP 2 070 017 B2 60

installiert werden kann;

der Chip am Transponderort von derselben Sei-
te des Substrats wie die Antenne installiert wird;
wenigstens eine Relativbewegung zwischen
dem Chip und dem Substrat vermittelt wird, wo-
bei der Chip am Transponderort installiert ist,
um wenigstens einen der Endbereiche des An-
tennendrahts (ber einem korrespondierenden
von zwei Anschlissen (308a/b, 408a/b, 508a/b,
708a/b) des Chips zu positionieren, um ihn da-
ran zu bonden;

und dass der wenigstens eine Endbereich des
Drahts an einen Anschluss des Chips gebondet
wird.

Verfahren nach Anspruch 1, wobei:
der Chip am Transponderort installiert wird,
nachdem der Antennendraht auf dem Substrat
montiert worden ist.

Verfahren nach Anspruch 1, wobei:
der Chip am Transponderort installiert wird, be-
vor der Antennendraht auf dem Substrat mon-
tiert worden ist.

Verfahren nach Anspruch 1, wobei:
der Transponderort eine Aussparung (306, 406,
506, 706) umfasst, die sich wenigstens teilweise
durch das Substrat erstreckt.

Verfahren nach Anspruch 4, wobei:
der Chip in der Aussparung installiert wird.

Verfahren nach Anspruch 4, wobei:

die Endbereiche des Antennendrahts die Aus-
sparung Uberspannen.

Verfahren nach Anspruch 4, wobei:

die Aussparung eine GréRendimension hat, die
signifikant groRer ist als die GréRendimension
des Chips, einschlieflich wenigstens 20% gro-
Rer, wenigstens 25% groRer, wenigstens 30%
groRer, wenigstens 40% groéRer, wenigstens
50% groRer, wenigstens 60% groRer.

8. Verfahren nach Anspruch 1, das weiterhin umfasst:

dass nach dem Bonden des ersten Endbereichs
des Antennendrahts an den ersten Anschluss
des Chips eine weitere Relativbewegung zwi-
schen dem Chip und dem Substrat vermittelt
wird, um den anderen Endbereich des Anten-
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15.

nendrahts Uber dem anderen der zwei An-
schllisse des Chips zu positionieren, um ihn da-
ran zu bonden, und dass der andere Endbereich
des Antennendrahts an den anderen Anschluss
des Chips gebondet wird.

Verfahren nach Anspruch 8, wobei:

die wenigstens eine Relativbewegung und die
weitere Relativbewegung hin und her erfolgen.

Verfahren nach Anspruch 8, wobei:

die Relativbewegungen vermittelt werden ent-
weder durch Bewegen des Chips bei stationa-
rem Substrat oder durch Bewegen des Subst-
rats bei stationar verbleibendem Chip.

Verfahren nach Anspruch 1, wobei die wenigstens
eine Relativbewegung umfasst:

Rotieren des Chips, um die Anschlisse (508a/b,
708a/b) in Ausrichtung mit und im Wesentlichen
direkt unter korrespondierende Anschliisse der
Endbereiche (510a/b, 710a/b) des Antennen-
drahts (510) zu bringen, um sie daran zu bon-
den.

Verfahren nach einem der vorhergehenden Anspri-
che, das weiter umfasst:

Entfernen von Isolation von den Endbereichen
des Antennendrahts vor dem Bonden.

Verfahren nach Anspruch 12, das weiter umfasst:

Bereitstellen von Vertiefungen im Substrat unter
Bereichen der Endbereiche des Antennen-
drahts, in denen die Isolation entfernt ist.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei das Montieren des Antennendrahts um-
fasst:

Einbetten des Antennendrahts in der Oberfla-
che des Substrats oder adhasives Anordnen
des Antennendrahts auf der Oberflache des
Substrats.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei das Substrat ein mehrschichtiges Sub-
strat ist.

Revendications

1.

Procédé de connexion d'un fil d’antenne (310, 410,
510, 710) a une puce (308, 408, 508, 708) qui est
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une puce RFID ou une puce de transpondeur, une
filiere ou un module de puce ayant des terminaux
sur une surface de dessus de celle-ci, comprenant
le montage du fil d’antenne a une surface d’'un subs-
trat (304, 404, 504, 704), caractérisé par :

des portions d’extrémité (310a/b, 410a/b,
510a/b, 710a/b) du fil d’antenne non montées
comme ponts ou boucles prépositionnés adja-
centes a un emplacement du transpondeur sur
le substrat et qui sont espacées plus loin qu’une
dimension de largeur de la puce si bien que la
puce peut étre installée a I'emplacement du
transpondeur aprés les deux portions d’extrémi-
té de fil du fil de I'antenne ;

linstallation de la puce a I'emplacement du
transpondeur du méme c6té du substrat que
I'antenne ;

avec la puce installée al'’emplacement du trans-
pondeur le fait de communiquer au moins un
mouvement relatif entre la puce et le substrat
pour positionner au moins l'une des portions
d’extrémité du fil d’antenne sur une des deux
terminaux correspondantes (308a/b, 408a/b,
508a/b, 708a/b) de la puce pour en assurer I'in-
terconnexion,

et I'interconnexion de la portion d’extrémité qui
existe au moins du fil a un terminal de la puce.

Procédé selon larevendication 1 dans lequel la puce
estinstallée a 'emplacement du transpondeur aprés
que le fil d’antenne ait été monté sur le substrat.

Procédé selon larevendication 1 dans lequel la puce
estinstallée a 'emplacement du transpondeur avant
que le fil d’antenne ait été monté sur le substrat.

Procédé selon la revendication 1 dans lequel 'em-
placement du transpondeur comprend un évidement
(306, 406, 506, 706) qui s’étend au moins partielle-
ment a travers le substrat.

Procédé selon larevendication 4 dans lequel la puce
est installée dans I'évidement.

Procédé selon la revendication 4 danslequel les por-
tions d’extrémité du fil d’antenne enjambent I'évide-
ment.

Procédé selon la revendication 4 dans lequel I'évi-
dement a une dimension en largeur qui est signifi-
cativement plus grande que la dimension en largeur
de la puce comprenant une dimension en largeur
d’au moins 20 % plus grande, d’au moins 25 % plus
grande, d’au moins 30 % plus grande, d’au moins
40 % plus grande, d’au moins 50 % plus grande,
d’au moins 60 % plus grande.
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Procédé selon la revendication 1 comprenant de
plus :

aprés l'interconnexion de la premiere portion
d’extrémité du fil d’antenne au premier terminal
delapuce, le faitde communiquer un autre mou-
vement relatif entre la puce et le substrat pour
positionner I'autre portion d’extrémité du fil d’an-
tenne sur l'autre des deux terminaux de la puce
pour en assurer l'interconnexion et l'intercon-
nexion de I'autre portion d’extrémité du fil d’an-
tenne a l'autre terminal de la puce.

Procédé selon larevendication 8 dans lequel le mou-
vement relatif qui existe au moins et I'autre mouve-
ment relatif sont d’'un cété a l'autre.

Procédé selon la revendication 8 dans lequel les
mouvements relatifs sont communiqués soit en dé-
placant la puce pendant que le substrat reste sta-
tionnaire, soit en déplagant le substrat pendant que
la puce reste stationnaire.

Procédé selon larevendication 1 dans lequel le mou-
vement relatif qui existe au moins comprend la rota-
tion de la puce pour amener les terminaux (508a/b,
708a/b) en alignement avec et substantiellement di-
rectement en dessous de portions d’extrémité cor-
respondantes parmi les portions d’extrémité
(510a/b, 710a/b) du fil d’'antenne (510) pour en as-
surer l'interconnexion.

Procédé selon 'une quelconque des revendications
précédentes comprenant de plus le fait d’enlever
Iisolation des portions d’extrémité du fil d’antenne
avant l'interconnexion.

Procédé selon la revendication 12 comprenant de
plus le fait de prévoir des fentes dans le substrat en
dessous de portions des portions d’extrémité du fil
d’antenne ou l'isolation est enlevée.

Procédé selon 'une quelconque des revendications
précédentes dans lequel le montage dufil d’antenne
comprend le fait d’encastrer le fil d’antenne dans la
surface du substrat ou de placer le fil d’antenne de
maniére adhésive sur la surface du substrat.

Procédé selon 'une quelconque des revendications
précédentes dans lequel le substrat est un substrat
multi-couches.
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